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ERIR— D s B AT . RN T 5. R 28 S51HERA X RMOETFZ ALK,
AUER, FFEN -DEEHTEA - AR, BMNOEA THRMBE 47 4 (55
BFR A CERNEMTIEREN AR, X 47 AR FRETALEFE 2X10" 58
FFH L BREIANFFRFES - NEEEE -ANUE, EFTHE 47 AR TH AR,
BeaiEih, PR p EETRTHARES

pocSs, (1.1. 1)
FERZI0. 2% KGR £, HEETRALLBIE F R e/mc (FEARATH «<0).

HTFEE SN HEERRBIEY 2 —p B, BIUEFRZAON : @B TS

JB.

P
EMERNCLEZE T BEART =« Fm LA SE. A FRFEN-IBEEFE, KA
i) 22 g O B TE AR S TT DA A R A . X — a5 AT AR R R S T AV AR A AN 1R E B TR EIE
HRIERA. HEE L 1IFIRMEE. 0.<0 (S.>0) WEFZE—Am NS, M p>
0 (S.<0) WHFZHE—ITE T FEUTUBHRASKE . WRESR. K5
. SG (Stern-Gerlach) {X#§7] “W&E" H p M= 4 &, HAEFMHM. REHE-II
FIEFTFESH 2 THE.

JEFAES Frh REEVLEE A, p MR AFAEE RREFITE. BIEFRE 12

(1.1.2)

d
F::‘I(F'B)i\’—p:

» —ANENEEBR RIS LRNTHEE S W Freach and Taylor(1978). 432~438 H.
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M AR, RATHE o WTEE [p | — [ p [ ZEEERME. XESBEIRMNBME—K
HEEEWRF A SG AR Kk, IEWE 1.1 PRTFRIIAY . B2 ok /D 1 5 s 3R CEE 1 69 X
. EBRIFHEm, ATV R A AR E 1.1 H AT R A AR AT O, B0 B A
“BEE”, MR F—A YR M—A T WRERE. G, SG Rk A T AR
FEFRBEERNBEHANAFN &, XEAERFERHN MKy “SHEFL” B3
£ EEpBERRZ-TRARFREFARES WERRN. WHESH 4R RAR
AATRERMVEME: S. 8 EAIS. BT, A2 R S.+HM S.—. S, BX 4 7] BE(H &8
RENASBEARAPGOMGE: HBMESERE S.=h/2 M1 S.=—h/2, K
h = 1.0546 X 10 % erg-s

= 6.5822 X 107" eV-s, (1.1.3)
MTEEASE WX “BFA” ZRIMATHRE-ZHRHLRIFHOE -4 EFEEK
FFAE.

1. 2a B 7 ATBAMMNERS SIS R, KEL Y E, XFRT 8 BUm
() KB, REAGNKREAE-BRSREMEZ L SHAR, AMTWME 7 1. 2b,
ES5ZMYET AT, REASHTHBERLHAT S, — XM FAKE “mL". w5
— XN FERE "R

(a) (b)
B2 (& MTWEE-Sha CRsRmna iy BB, JOR N Y H MR R L [ 4
BHBENER, WEETEBOT - RER. AmATER -SRI B E (b MR,
BIY S A R 050 A B ) e Y LR R kL I TR Rl L - 98 A A i A U A4 96 L

B XA L-FI7 e« S AR 2 AR, AT A Y7 8 HE 5 5 83 n e K CF
Jria), WA oy, WAER RN y s, XA — R AL AR A A b o b R 9 BRI 4
B~ S, +aEM—4 S, — i,

FF 51 5 4 B 25 h K SR 08

BAEE A% I8 — NP B - B R AR T, X, R ATHE A0 R B T RO Ol
AFAREA SG L. RAE IEME — R0 R AR B2 A, 3k T R 0 B 2
B 1. 3a iR B3, ZEARM . 1RE% — . SG2 &M IEHABEN < FlMEE R
B R AT PAE e B — SG2 B S, — 4k, WiEA T S+ /% 5 — 4 SGi %
B OXE R AR RS 4 MR AR Rk, X HIERA S A
W, B, MEBETHEESE E. WANFENS0ER F, B ES S

* AFIX — BT AR — R B A FAE MR R A TR . A 8.2 Wi,



4 AREFAFE (% 2K

A SGz %5 B 2 [8 R A7 1 Bef% 3 BT 40 3.

WHE S ER 1.3b franyE. Wk, -4 SCEAEMUM—&, HE -4
(SGx) ReBWA—NF o FiEIEB SIS, HEAE ZAEE (SGx) M S.+ R MAE
BERMMR, — S, +WRWM—1S, — ik, —HEAEMENRE. R UTHEBEX
LERWEY EEMERHTE—IEE (SG B S.+RFEPH 0% IR FRMBIEENR S.+ X
K S, HHRERTFHRA, MR e S0UEER S.+ XA S, —HHEe [E4F mEAN14F 2
B G5 R R X — IR R £ 18 2 R A

S5} A

- - - NEAY i i
y 1 >UZ oUZ
________________ S 43y
(a)
SR Sk
#7 | socz @ SG& : ‘
S;_;ﬁiﬁ Sxiﬁm
(b)
St St -
»7 — scz @ e % G )
—S:_ﬁﬁﬁ
SR SR

(c)
B 1.3 FHHRE-FERH LR

RERMBEE L.3cMIANE=LEE., ERVMBERT R TFNERENTHZ
b, X —IRFEE 1. 3b BIBCE B INGE =4 SGz BN AR, I b LI B EE = AN aE
MR T EADEMAR—; BEIMHHRARA S.+ABEXAS. — 8. ZREXNS
ARETH, PREFRE MU ERZE, BINCEHES. —HBC2HSENMET.
AT Bt THBR IR S. — 20 SR /E A v RE X E B B T 087 LA B = MU R F
MABEA S.+3H S, — WA B AR A RES AW &

XA T2 AREYTER T 2P ROATRERMHE S. MS,. EHIBE, B
Iy AYE, B sE —AMUEE (SGx) Pkt S, +RM T LB T R AL A % S. M5 A.

FEIX Al G0 5 22 L g 2 v R B R B0 S DU AR LU B TR A R Y, 7ETIR B ATl i B 8
FERAEERR o AN TERMECK AR

L =lw. (1. 1. 4)

18 I W RE SR AE WA 7 A AR 2R, FRATEE AT IR B0 € . s o, Fl .. QIRHE T HESE
FE R o) BB R S LA R, WS HERE T st el i+ 8, FTAEX M A BB T, RN E L.
AL, BEA AT R .

WA LA R, TERE S. M S, WRATBERFIEAR B TLRAM IR KA
AN AT BE G I Bk SE B B R (A5 A BT 1. 3c %’:Aﬁ(%%l% S.—aEHEK BT H¥HEA
AEAFER SR ARG ERMS T HAN. FLLE, XAORBERRAR PR EH 6.
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HMTXMERZNZH S, EXES AT E T LRI ATRERA &
M. hik. RAVEHIFEELE - TOLBEMRMK XFRILE BRI ERALXERR
B R BOEESR.

FE W TEEENRE AL, MAREE  Tm SR Ae (S0P E R
. BRRHA o AEE, BAE—AE o 7RG A KE T S BRI

E = E,xcos(kz — wt ). (1.1.5)
FIREH, FRATE 0T A% B = RGN y ik,

E = E,ycos(kz — wt). (1. 1. 6)
ik =AM otilE g — N RAR R R T8 E (1. 1.5 Rk (1. 1.6) RER ML
. RATIE R A o i e aGE o I ERE R b« BEERE. MR M1 o IBOLS

LERTIN (2 FE) a3 90°F, SR —4 v IEXH. KA, WHEiL—Ft#E T
— A IR, FESE— y LR . MARSHEMERSES CYR, ROTAERHN
R 100 % RIE ) ESILE L 4a.

] /_\__9_’5;*_3’E g @ EENE

PN yig
(a)
100%
x2S IR YRR
(45°%% 1)
(b)

B L4 OGRS B R 4R R O &% Y R R

EHBRMBENE - BERE v BCRZEFHRAR SRk, ERRFE
xy P ES x BAL 45° R J5 18] A2 H 2 I WAL BOE A AT 2 L 1. 4b.
XEF, A —FOGER v OGRS, B ERELRNIN G « WS R AR y JF
AL Ay . iR, — B 2 U AR A SR T HL Bk 2 R AR, O R DL R 2
R o AT REET. EE 5 MR P RO BIA T LU TR
WAFER. EE. REMTIMAMARE.

S. £ R Feor,y Mt

S, xR Fea,y LXK,
Heb 2/ Fy B0 E O 1.5 B, XA ELEE S B ATR e AR 1. 3b P @l Bl SG
(L= s 3 [V

b E RS MAEF S FERN MATE RIS 457 RAEHR My HRAETD
AT R, MHE 15 AR E

(1.1.7)
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. 1 - 1 -
E.x cos(br —wt)= E”[\/—éxcos(k: —wt) +J—§ycos(kz awt)},
] i (1. 1. 8
E(.)A’/C()S(/\’: —wt)= E“|:_ J—Excos(kz —wt) + J—EyCOS(k: —wt)},

TEFE 1 4b FiRE = BUESEE D, NS M RIEA S ERRTE - xRk, ©
WABER A 2 BAER S — 4y IR MB A S, B RIRH Pk o #iLsk,
Rtk XA UBEER A« ARG 4y RIEROEHEAS. BE. B oA RRHA®
Pt y AL ST B,

SBAERE 1. 3c B9 5 M 5 1B 35 0 A 52 56 o 48 T A9
(1.1.7) X 2@ 1. 4b i = F U8 % 25 50 56 ot
R BRI BT — 2 4 2% o ) o B K R AN .
BRA-MEETHARS, X2 MHRNE RS N 37
W, REMEE N 4 (ry) 2@ AIEE. FW N\J|| ZA
(1.1.8) Ay x Fly 2 3 50 % X' WAL 6 10 Ak 5% A x
B BRRR—RE, TSR — R RER S + R N
A, T — WA KR IR S % R R # >
fR (kev. BATAIS,; +) BRXAKE, JHiEE . \
BRI T S, A S, — BETAEE]S. 4> A
IS, —) WEHHA. HK, ZMUF 1.1.8) X, F&
fIT0] LA%E B 1.5 2 A v Rl E

1
1S.s 4+ +—I8.; = (1. 1. 9a)
V2

. 1
]@W»+Emﬁ—> (1. 1. 9b)
LAJE AR UE BA anfe] A B & F 22 09 — R 4R s Rk KL

XEE, WE 1L 3c B4 (SGx) BB H KM AFHEEH S RAKEEER S. +
FS.—7 (1.1.92) XKEX EKEM. FREMFTXIEH, NE=1 (SGz) ¥EHKRT
PS4 R

SMREXENT - RER. RIKEWOFERR S, 87 MIHREMISIERYE, MERK
TR = I fEE 0 S. B, MELEFE—4 SGy B8, HE=EmHENIEF
EUTFWHy HAEHEN S T HHRFEFTEL D SCx ¥ E. IEE S, L P4 A KR Y F 1
IS.;£) MEHHE, HE, N (1.1.9) XBFFES|S, ;- HERINELHARETHRA /K
e, RIMNMEBZHOERXEFES, 85 S, EEX43FFR?

XESRMAEHEHERMNEREBRFRE. X—K, RIOFE-BEMRREER, ©0
DL ik — R RmR AT L — U322 — i 88, YR X —RERE LRSS —
Nz WHEREE v IBVEREAT, RIMNHE—REIGREHEN—5K o BIAEHRE— 5Ky bk
W, @5 KEKEME, BMIRES 45°&B b RSy B LA HE.

¥ L, RITWAIRR —-DREBANER? —DARRKANE IRT R - « B
—y BN EEAE, b y REFPERGIRG MMM S « 165 8B IHR G MM A

[S,; +) =

-

|S,: —) =—

=lis



ki
o
L
B
*x
o4

#90°7, B,
E = E({j—gﬁcos(lzz — wt) +J%_§’cos(kz —wt + %” (1.1.10)
A5 ATRN e HHERFRRE RIS
Re(e) = E/E,. (1. 1. 1D)
ARES, Xt F— A e B AL EFATAT LAE B .
Lo ithe—an Lo itha—un
€= {J—?xe -I-\/—Eye }, (1.1.12)

HARMABT i=e".
EATLLSMIEFHARSMT ML .
S, + R HRERKRILE,
S, — RF— LEERKILE.
X —XKHAR (1.1.12) XJFER, MERAFEARAHYRBICE R, WA HE X L
S, HEFMAFIFKINHRESRIERX.

)
|S,; > = —|S.; +) %
| 7z

(1.1.13)

i
—|S.s =), (1. 1. 14)
V2

EBAART (1.9 K. Hit, RNBIAMERETFARSHTEN KRB H L
HR-ARRETNH; ZRBZHB—-TEERBTUSRELREIS. ;) HEAKEAS,
— Uik, HEABARH. EXH-IRENFATHFERENLEHEZRUE, X—F
LRMYEIAERR.

EH, EF-ECRKERIRMNATRITRIOLT. REFER, RINTLZ8H THH
BFRIE; F BRA R RB B FRmRMAS. RIONBHELREMS EANE
THRSHHMRARBZHNARS 2L LRI RBZEKELL. FLE, @d5IA
HFHEMRRE - PEEREES LRI -AEAREAETHREES, RIELMTENR
EFIMRT L, ATAEXBHFAFTEXHEM. FPHAXFEMBIRCLBZB TANR AR 5
ATAMEMERBZRAPHRERTET H¥ETHWA

i, AMARRTH¥HRERAZA, RINEERNHHFE-FHHRENYE T
T T ERENE. DEETARSHENBAAERENIAME. K16 BRTHA
i Re B - R HE AR B AT TE S R T B IR TR R AR MR, XS R R T HE— AR
EMRAMR,Cs, BA I=7/2 WRTHARE, MERIHEL F=4 WBER-IRTS,
BT R E e e, EEAXM R RN IELE TP, XEE——1H
BITEbR3E. MR, BTA XN RO T E B X — 2800 B B AT B K 2 A O o —
PRBEWE T H#FH.

© RENE., XTARESEREBERALNE LAEXKDBEAELE - WAE.
s FPESFEFREFRMAT#E T HFREAESEERNEET RN, Baym (1969) MB—-HMEHIER

.
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KIEUER AL
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0 1s 20 25
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B1.6 ATFA-EERFMARSHIRTEB-SHHEREE, WA F. Lison et al. .
Phys. Rev. A 61 (1999) 013405. FM AR E &~ TixdEE . MW SRR 4 HIEFH9
AAREMERE, He (@ M (b 2HRAEFEHBEARRHEAERS AR I MZ
FERER. AREFR F=1 BERTHERIEZHFERTFENBIE I=7/2 ZEHBE.

1.2 A%k, EXMEHF

P RATEN TR E-ENFLRO TN FRENERE - MEXEZMH. &
X—PWHT W RITEF D R B TP AN RRS N EALE. AHIKERE
RAMFFESRP. A M. KFEHEBWERMERFS. SR, RERTHFERAEZA
BEEFNMEEME TR BT EER, HRAPRIIARESEETE, FAlEAY
HERMMNAE, BRATFZMA.

AxZEiE

RMNFZE—AEREZN, EHELIERTEZENYERENOMERAME. EHEE-
R TR S, NANBTA¥EHER-NERTH AR, HEHH2T SG (4
BHRFRESE LT RO EEHE. AR —TRETRELT, FEHFED, M
S HEWAREMBUE. © M5, 16 L6 WRITBIBESE—Fm, —MRFRGE
(AepR) s E——AFRY, WERHRBERATHEMILS K, EXMELT YRR E
FHEHRABRABEE, ERAFRL LT ERESME D & /RARKNL T80,

ERFH¥ED, —AMYHEES—Fm, —MAEREARRAMRET—H-1X
REZEWERBER. KBRKREOERN, RIOBIEN—-PIREN—-1TEX. Hlo

» REYBREWRESEEHRRTHMEF K. RERMNEFROAARSEN - AROEL. N EHE R
T+ AT BUHA JE 57 R 4 Ml R



F1E AAMAE

(24
el

FR., BNMERERBELTYHESNEREL: RIMNBETHOA XX TREN TG
BHEXNMERT. BWAAKRA LM,
la) +1p) = 7. (1.2.1)
HAalyy RASED 1A% MRBINMHA-TEH cFU—Ne, MEAWRclo £
H—=NhEK., B TUBEGRAALDBTLRELGH: WERA X 5.
clay =lade. (1.2.2)
fEc AFMFHRBOT . BEMARHKI—-ITFTEEK.
MEBBREZ—RZ: (o Mclad £ cF0WRERRFE TS, BAFHER, KEZHESD
AEFREAEEXN. BFERBERDNE. RIN7EXEOHENZHFLNAZRE.
—AAMAME. FHWhRMARNSE., THMBRESRPOER. kA, k&
. BRRE, —PMEFANEZERT-1E5%
A (la)) = Ala), (1.2.3)
HFEREBES—NAKR. ME, RTREZEHSHEZNH K.
—BimE, Ale) Rl ’LE—-AEHK. RiMl, A -SHEENEEALKR, BIERRFTA
MEEREE, EMTH
PORrSRr I (1.2.4)
=, HA TR
Ald’y = d' ') Ald"y = d"|a") o (1.2.5)
Hia', o HE-EE. FE, AAT-IMERIEGRRBERN T R E - REWF
AR, BES Wy d a0y HEBE -8 () Rn, MZHEF A WK
ﬁ%.%ﬁ%¥m$ﬁﬁ§~ﬁ%%ﬁﬁmﬁﬁ.ﬂum{wna“.“H- AV -

I ’ 14 w
{a s a s d 400}

H - AMARIEAERBA N ESHAIBES. EREEMWEKE /2 WRGEY, RIEHE-
AFEAERBLRER (1.2.5) a@HRRN

M&H»:%&rw.&mﬁaz—%mﬁa. (1.2.6)

Hi[S;+) REMS. WAEAK, RIEE /2. X8, M5 —BFATTLUMEH
/2 ®mISs+), HEMB—AAREHKHAENRMEERIC, BEM—TELASHRF
SISty AAXBERHE, RARIMEELES, ALK

S.1S,: +) ==+ —IS.._. (1.2.7)

FLSEE  TRATT R B R B 7S [ A A 250 S0 A R - B 288 S AP B RT3t B 0 B AR K
. BIEX—mil. RO EMZHTMRME AN DMAREARIKH—T N kit
., FEN—-MERl BAIH S, o HE oV ER

mwzzwmv, (1.2.8)
A o NEREL X BRI RO ME— M (7] B0 9 HE R B AR E A K IERHRIER 2 5T,
ExE=EMnAR

RMN—ELHWRBEEELGRZTH., RERMNIAERZEAMOHE, ERE—-IT5FA
Kasial “XHB” BRBEEE. RAOVBEX N TEHANF K o), 75X X H 2 8] 8 4 K %5 (6]
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FEFE—NER, B TR, ERZERBAFELRK { |} KR, ENSAEREK
{la> [} MR, ARFEGERTE——MLRN:

la) o> (a|

DC
’a,> 9|a”> !"'H<al | ’ <a”1 [

la) +| B> al+ <Bl (1.2.9)
Hrh DCARFEXMBITRL. MBS, AT LI K 25 (815 1E 2 G K45 8] B Fh 4%
ecla) MEBHOERBEBREN (| MARE clal , X—HEFEE., F—Bif, &
(]

colay +cp Bes Cal+ ez (Bl (1.2.10)
EMNAEEL—NERHM—MERMAR. " XPMRBRER—NERELHAT—TA

RERN, Hl,
Bla> = (B + Ja)). (1.2.1D

EROFE
XA, —Mokdt, B—1TEH. EE, EHR—ANEE, BOBRNAER SR~
AR BEMMNAG RS AR —A K&
RIMBENREWAEARER. HE,
(Blad = (a|B>". (1.2.12)
AEY, Blod 5 @ BAEIE. FE, REAHERMNE X LR TARNRTR
Bflab, H QBla) W5 (p ABHXAHFF; MELUNRIEZLRESEFHATE
B, BHFab%FFbea FAHA (1.2.12) KWMNTUSZLERH, (@l —EE—1LTH.
BEIEHX — &, RES Bl .
EFHBHE I EER
{ala) =0, (1.2.13)
HbESMNYla) B—PRAELNHBL. ZXARFAVEEEMBTE. NYHEZERMWS
B, IMREMETFH¥MWBERBLENLEN, X—AHEKRSHETR. "
MREBEANEE > IR HWE
(a|B =0, (1.2.14)
EMEHEARESH, REEXMABRUEXFHEIAT AR <. #Hid (1.2.12) R, E
THXRER (1.2.14) RBBEKRE

(Blay = 0. (1.2.15)
HE—NEFHLHK, BRITUMAER—A—0EXI, BN
o 1
lay = ( <a|a>J|“>’ (1.2.16)
BA TR
alay = 1. (1.2.17)

EPFHRILEBERAENKE Vaa=|a|, el BRMERBINIZ ) HE BT

K

* XEPAREEHRAGRE , BAERUTEILESSEE a-b; A, AHPRIN—AAEH =4z p
B AR a B R E AR B AR,
 RERAFAX-BEHSBEA “FEEL” YWHELE. ERBRRITENY RXEHEL.
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(o) Micla) RARF—MHEE, RIWATERATHARYBEENAERMBEE (1.2.17)
AEX EHA—-#. "

"

IEMEAT R LR RER . EMBHEMARERN B F NN BAEREERTHREY
BARFR. HATATUBZEEAEELYNERATAERORERS: E18EH X, Y EF7R,
M A, B 288 {UBR T A AH BT ol WL 2 A9 AR K FAT.

BRHNENEREAR L
X (laY) =Xla>, (1.2.18)
BEWRRZES —TER. WA THRERARERANETS T EREA
Xle) =Y]|a>, (1.2.19)
MHRBEF X MY BHE
X =Y. (1. 2.20)
HMEEMAK ), BITHA
Xla) = 0. (1.2.21)
MAEERF X AFEH. BERTLAM. mMEksE R BRI MAIZSS
X+Y=Y+X, (1.2.21a)
X+XY+2)=(X+Y)+Z (1. 2. 21b)
BRT 5 4 BB R EBEFEE NS, AR ANBERREAMER,
X, la> +c31B) = c. X |a) +c:X 1. (1. 2.22)
BFRXBERENERERELER L
((a]) + X = (al X, (1.2.23)

BRAMWBRES —1MER. —BTE, A58 Xlo)5EK | X HEHIFERETIHE. RIIEH
S X' EXH

X|a)(a| X', (1.2.24)
B X' HFAXMERERELERX WEHEERF. R ANEHFHE
X = X', (1.2.25)
RS
BREXMYJLIHE. —BNE, RESZEEENSGH; XHEU.
XY #YX. (1.2.26)
R, FEEBERITEEH.
X(YZ) = (XY)Z = XYZ. (1.2.27)
®I1EF
X)) = (X)) = XYa), (BIX)Y = BI(XY) = (B|XY. (l.2.28)

(XY)"'=Y'X" (1.2.29

« MTRAEEENTRMBOAES, HRARENE—HE, HL 1.6,
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B
XY|a) = X(Y]a) > (a|YHX = Y X", (1.2.30)

Bl AIE, RIICEZETOTFHERE. @Blo. X, X XY, &FHibriE

AT BTG 2 SERATH B F LT ol . BT

(1B + Ka]) =B al (1.2.31)
FRAIR M Cal B9SMR. RATREHREAIE L, [ I BRI —INEHF. FE 5 L E—
MR (B la) BAARH.

WA~ “RERMFER". RiELERT, —IEFULHRE—NH KOLEH K
H—AMERMEN. B-FZ, |OX WX | HBEREGERBROHF. ENERARARBAR
RER, XAREM: EMNRAE-HZEXELMARM. Hlo MP lf @D BETF
Al —H%x (ER) FRGER (EK) B, o)) Ml Gl QI EXHAFRREHBERE
b7

gEenNE

EMA (12,27 AEREMES, BRAZANRESHRZTHEEM. LhRE, RE
RAVIELIA SR R MAREZ I 60k BTk, 4 A bk Ok bl U AR 40 i L 7
. Dirac {8 X —~HEMBEHRHRENEELHE.

R EAREXAABERE S IERATE % E—NIBUEE— A K L

B <al) =17 (1s 2 520
HTaa A, ROl UAEX A EXXEMHR
3« Kal7))s (1. 2.33)

Hf (alyy HEM TEABEAF-ITERLARSES —MNHK; HAaiER, 8
(a| TUFEE—ABRF. BF (1.2.32) X5 (1.2.33) REMEMN, LU0 LLZ#
Fe RPN AL, I MBREBER 1P I EME Iy L, 8E., S, & <y
Felllp. [H—m, WERE (1.2.33) RER Caly)) - 1B, AT A fEFH2Z 0B
MATES, EANENGEREBINERRE LEZMSEAGENT.] EEE. BHIL
EIVERT Ip . BESHES. R

X =[p<al, (1.2.34)
)

X" =la)(B]. (1.2.35)
AV EBE—12.

TES G ANBE —AFEENLH S, EATEZS

(B * (X|ad) = (BIX) + (ad). (1.2.36)
&R % TR EEES
B PSSR, ROTSOFT LA E N EENTS
(Bl X |a) (1.2.37)

FKARFE (1.2.36) AWEFE—H. BMAENZ—TF, /X' 25 Xla) MERLR, BT

» MEEABRIMHEIR 1P XRRM, LEER O EAEY, BREXMELT o Mip BEW
ERAAFMMEBERBFHR. A, B—-MARBTHRFARMKRE. W - NEKR T8 THLE A E MR
BER: HEBE-NPARLTEF 1 HREEE, MR _MHRLETEF 2 KRS M%ESE.
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Bl X |ad =8| + (X|a»)
={(al X"« |}~
= X' P, (1.2.38)
Hi, BTHEAHE, BINMFATHHA (1.2.12) XRABEAMFR. MF—-1EL6 X, &
(NE:]
Bl Xlay = al XIP". (1.2.39

1.3 BEAXMEERT

R T & 9 A 4E &

EFATR B IE— N KB A AR A K MAGE M. 376 58 v U & (7 & i
5 A, RS T 12 p RO AY JE K B 8 3 80UE B 302 AR R S s Wy 38 o] ML) & i)
BIE.

FR AT BRIR — A B E IR

EELLl EXEF AMNRFEE VL A WHEN T AR A GEEWFIEXZIE
ZHY.

iERA  HE. [

Ald) =d'ld). (1.3. 1)
HAAREKE. RATERH
@A =d"" ", (1.3.2)
Herd' o o R A BRI, WREAHE (1.3, XWPAEAERL W] . (1.3.2)
KRR EA T o, KRFHW, S ER
(«/ —d"" )d"a") = 0, (1.3.3)
BRAE o 1" AT LABRAR ) A (B AR o] ABROR R AME. EIRAT 28K BTG R # 5 AT LAHEE M 55
AN GZEBMRTEER D
a =a " » (1.3.4)
HARIMHAT ) FE—AZFREANFEL. MEILRNBE 5K B RHRIRGGE
MTHSEREM. 78 (1.3.3) RPEIANE S~ T d—d" RFBEE, ERTERS
. FRAM W) —ERE.
Wad =0, W #dD, (1.3.5)
FUIER] T IECHE CEREBEEI ).

fEP A R BRI — AT Wil & B LA HE, X—HET—-TTHSEN
BE. ERERMETCEF AENUERSE. REREFEEKRN. WRIRGEBR § X4 E
B RUE T BRI AMEE M TR, X IERAER T 2P RTINS JEK 09 al WL 2 4 A .

WEOMEEEE G H—1tk, DME (D) ME—PEZTE.

(d”la’) = 8. (1.3.6)
Mk EdE. RAOTATLAR X AR RE . XAARMEARWES BT &AW KRR ITE
HTFBEAAREEER A RARIEARFKBAN S, BdRIMIMGREEHHLE, AKE
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A RLARER— TR "
FEEXREAERRX
HMNELBFHNANH—URAEARER T N ZREEXE. AREEN—-MEEA
KA A MAIER KRBT, BAIES, A WA RYAEREG RRE —HMEIERZH®
LAVES ¢ $ kA OINRE IR S e oo
FEARAMEARFKNARZSEPHE-MEEAR [, IERINAEHRELRITOT .

|ay = Zc‘a'|a ). (1.3.7)
(" EFHMMAERM (1.3.6) R, BATSLENATLIER BT RS
co = (a'|a). (1.3.8)
e myiE e, ATA
Ela/ﬂa, a)s (1.3.9)
TIEMTF () BRJLEESE— A%%VE’J%%
V=D&V, (1.3.10)

, HFH () BR—HANARMIERE. RINAEREIZ - TFTRENSEEAH. /)W
la) BEV] ABAVEE o' la) Flhla'), si%MHs, el UFERBER o) MERTE ) F.
A (1.3.9) XFWla) B—MEEHEER, FIURIT—ER:

Dila v =1, (1.3.11)
HobANA 1 Sm R ES. T8 (1.3 1) ARV EEEEAREAY
MF (1311 KRMHARERIENEASTE. UAENKFAE —SBHK., BEFH
HEER, BERITARFEHEMAERMBATUBAGR (1.3.11) KRB BECER.
Flan, EE (ale); BIATE (o Fle) ZIEHHAXFEMCERL, KI1EF

(a|a)= {a] * (E!a ya' |)
:2|<a la) | 2.

WESR—4], ZARH, W) BEEH—-TH, WELE (1.3.7) NPHRITFRHE—
E T /2

(1.3.12)

Dlelt =2 )" = 1. (1.3.13)
ALK KE—F (1.3.1D) XFHHAB DG . BAXE—MIE, E—FLR
—ANERF. EEEAE 0 k.
(laa’ ) < lay =la" @ |a) = ¢ la’). (1.3.14)
EMEH, [aC@ITAAERI) FHETEITF D BFLS, L) & | ERAIEEE
HRla) MBBER, AAER:

* CARBEIHNEMREPEHETRLE M. RATHTH A E o8 B 58 % ¥ 7T LUE o BT R 18 - X 4K (Sturm-
Liouville) Bt TEEBHEZ TBRIEY. EREATENBRMNBOEARE “H” HEESBEI IR, LARENE
AR AR B 52 A L
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Ar=la"d |, (1.3.15)
FEHEMEXE (1.3.11) KRBIAETUE R,

ZAﬁﬂ. (1.3.16)

5ERER

HMETEERZE., RMNAETUERMOAIE—-AERF, b X, BEREAI—-ITFE
M. B4, FIA (1.3.11) MWK, TEERF X 5.
X:EDZuﬁmﬂmwﬂdL (1.3.17)

MR N AN WX 1) B8, Hb N BiZARSEGESR. RAOTLUEEITHE
FI—A N XNBFERE, FENTHIBERERNTER:
@ Xa"y. (1.3.18)

7 5
FATAT LA X A 4 B B B S AR
(a”’|X[a”’> <atl)’X|a(3)>
X =1 |Xla'"") @?|Xa®) -] (1.3.19)

Heph s “=" FE “BRRH"".
FA (1.2.38) &, RITTLLE W
W Xad"y =@ | X a"D). (1. 3. 20)
B, REA (1.2.2¢) XEXWEKRLEREFRES (BOFERAEN) L XARFLEHME
BKRETEX MR-ITEMSBELKY, &RINTA
(d"|Bla"y = (' |Bld") " (1.3.21)
TATE "I X o) HPIR—NFTEMEXSBEENESFREANE -, EFF
X—&, REFEIEFXREKX
Z=XY (1.3.22)
B 56 [ 7] 5
(d"|Zla"y= " | XY|a")
= D" | X]a" " Y |a).

RRE, RAVTBEORELERS (131D AWBLREFHAR X MY Z/E!
RELHMNEE-TARBPXREX
17 =Xl (1. 3. 24)
EREFARMOBEAEREREZR. |y HRFRETUELH (| Z2FKEG
a' |yy= < | X]a)
= Z(a’|Xlu”)<a”|a).

B, RE M|y BRITREE FHEF AT 95 E R .

(1. 3.23)

(1.3.25)

« EXERMNAHES. B - MEMEROFREURSETRANER ROHKRER. FRARTREFNRERR
U0 R (/] TR R 6 I AR
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aVad 'Yy
< 2y > < (2) >
oy = [Ny 9T I (1.3.26)

(a® |a) ad

W ERBATABER— DT ERERL—DFEREMN BN, R, AE
(7| = <al X, (1.3.27)
BITTUER

(rla") = E(a|a”><a"\X|al>. (1.3.28)

FR—-ANERBREABR—DWTFBITHERE.
=y a" )y y1a® Yy o (y]a® )y
= a7 aP | @ T e, (1.3.29)
FEE, YPEFETHEEMR (1.3.29) XPWEXHB TELHE. ARG oA UERE
A (B IRFTHEFERRR (o) 55 Z

(Blad= D <Bla">¢a’ |a>

Ca'V a)

(@ [a)

(1.3.30)
= (& [B a@P B )

MRERR | WITEBES KRR DBFIEREMTRE, MWRITREHEATE EANE
40, XSNBRMEAER (1.2.12) XKEBBEN. B5, BRESEH, SRR W
BRI |

a" B a ey (aV B a o)

| al= | a® |Ba'" |ad" (a®|B{a? |a)” (1.3.3D)

MAKAMME A BBWEAEARENELAR, WAWEERRESEFNEGA &
%, BINA

A= D7 1d " |Ald ). (1.3.32)
BEFE WA |la") BRENTAEM.
WAl = @ TA|a Y8vw = a8 (1.3.33)
Brid,
A= Za’lalﬂal\
¢ (1. 3.34)
= Za/A“/.
1
B, R4

Eﬁi%ﬁﬁﬁ%%%%%%%ﬁ%ﬁ%@%l%.%W%%E%%Bxb,ﬁﬁ

TR, RIVEEMNRRANI ). EI) kA RSHES, B0 2RO R,
¥R (1.3.1D) &, BAUEBRK
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1 =[]+ (1. 3.35)
RHE (1.3.340) R, KIT—E/EH S. 5
S. = /2 LU = (== 1. (1. 3. 36)
Ml BIERMER, LB EARIEAR-SRIEEXR
S.14) =% (h/2) |2 (1.3.37)
H—&H FTHAIHANEFLRA R RE,
Si=h|+(—|. S =#h|—)+]. (1.3.38)

AXHNBEREHEEICRER. BAFSIEHEAR N FTHAEK|I—) Lit, ] —) 4
WEER EMERI+) HEER H—FmE, $EMFS. EFREAER ENEXRI+) k
o, EEERT—-IEAR. TR, S.HYHEMREN, EfFAKRIEAE—1 4 WHRA
EABRAEEAR, RINAHBI 1TSS, RREH, S ATLUMER N A S EREK—
MEBER. DG, RATKIER S. vRIER S, +8S,.

fEM G B B AT R MR R R BT, B A Bk B BR A s B A ' ) BB AR I 5
(1) f8h5; XBEUL, HEESR - N TFRERNASIRSE, FEZCHMNTFREKX

. %% E?ﬁﬂ‘]’ﬁ%ﬂ’ﬂﬁﬁ@%%ﬁqj, H

1 0
() 0= ()
0 1

(1 O 0 1 0 0
S, =2 . S =h . S.==& : (1.3.39b)
2{o0 —1 0 0 1 0

BEATES 3 Fihig Al g o 2R, kA 2L B R R

1.4 WE, AYRMNENMFIHEEXR

o=

B THRZRNPFEZE, RNAEREITENESIBEORTHRT. YTUFE
AR A5 BEEE R, By LE N5 3ATE SER B T R KAL 5L AY 35 (Dirac,
1958, 4536 7 : “WEHBESFHALRIBN BN HF¥TRMO—-IAEE L. " XEK
Bt BATLXFEMIEKNI LRI . XA W A ST R 260, BERREHRR R
AR A S

la) = Dlesla’y = D) la" > |a). (1.4. 1)
AT RRY, REH "t TRNE A MEASKRES, Linle). BaiE,
\a)ﬂ%ﬁa'}. (1.4. 2)

fln, — A EEEXEARROMGERT, Filld—4 SGz KB SG X 2Emt. 5 2 i
IS.;+) 3IS.;—). Hit, MBFEFHKEIALT. BN E., YiZRECLEEEN
BRI R ENARMESE, EIRFMRELT, EWk#E—2 e, E€2F

N .
la") —]a"™) (1.4.3)
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MMESE e Zlled) B, ATESENE ABE . EREXMHELE, —RMEH
gER AT B T R R A AR E.

HET (1.4 X, ERMBZH—MYHAZNSAKR, RINFLFAMEER
MEBLER RGBSR ) ST R, ROTWHETLUREBBIFEA 2"
SRR TG E

Bla MR =& |a)]|?, (1.4. 4)
HE o) BH—MW.

RERMNEAFR - MHBOYWHERLE, ENTR EHREEER (1.4.4), BNLHF
Ext—eRmE &N, BURBENAER o RIENYERENRG —H0I—-1EE
—HRENNE. IFEN-TRERIN-TERE. (EFE3E, RITEEZHRIAR
gro) B L3, ESERE S RN - SGz NBFETE T RWBEFRTMZ L
REWM—T0F, RAZRETHENEFHH S+ REE.

SFRBFEF (@ ) PRIMERERE (1.4.4) KRBT HENERBEZ—, FUAEAR
REREUERH. SR, AN ZER, E—-SRmNELTERARRNEY. REENEZ
MASAHERHEI, MER (1.4 X, IHSHEMMNELEREE ', LERBHMU,
Hdt o) SHBRER 1, XERRMNIHTHN. H-RNE A, RIMYRAREHRD
la"y; —fokif, EEEEMER - ESBIMERME. " H—HmE, mERM
SEVIH o) BRIFHNREHEMIEANBE o Fd WEELER D HBERBENE, AT,
WE K"y " BEELERME (1.4.4) RAHRF. NEHBHREKRE, EXH

H R HEA B AR Bl ﬁﬂ%—/l\ﬁﬁﬁ%%gﬁﬂ‘fi|5:;+> & EHEAZLT

|S.;—) Z&.

EE, EEYHNER—S2ERMN. MHE, SMTERUTEENERERNEXR —-E%
Tl XPRBSEERITOBERERT 1.4.40 LFHL.

ENMEX AMNTEI RABEFEERN

(A) = (a|Ala). (1.4.5)

HTHEMBEMES o, AREIMRAFE (A, FE (145 XB—-1TEXL, A

m, ESRMNFHMNBEANENFSE—BH, BEAEATLUER

(= 3] 2 ¢ald " |AlaYa" @)

ZUZ a; [<a’|a)|?
M EA{E B R
EHEEENRABZRELMESHFE. o, Eﬁﬁﬁ%lﬁ, S. WEAREE P LABL—4/2 F1 &/

2 Z B AR (TSE 88, than 0. 273k; WiAHELZF, S. BIANE{E REL 4/2 F1—4/2 BiAME.
RTH— S EANBEETHEDPHEN, RINMN3IH#FE—-EBVEBE S, 5FHLl
A ELLIHRIZETIE -FMITSBE-SHMEHE, ERBRIMGEH P — A TE

(1. 4.6

X, ESBMELSIRE - RWBEZESH#TH. XS 2 PSS AR ERANESEERE
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SAEGES RN, RN TEL2ENERS IR BB, RIMREXHREN—FNE
R, EEANRENERES A MAELGEX, LiNld), WHEFHAHMOEEL K,
HEERLT XHEEFMNENER, BWAAMHE, BrEL™HHEREREAR
FAEA RSP — BT k. BELE, RATTLAREHE—MEENE SR TERZER
AAERT a):

la"
|a>
A
M
|a">Hha"+a'
B1.7 ®ENE
Adla) =]a' Ya' |a). (1.4.7)

J i EEEETEZENENNEEE, ERTETFHEN ML, N —FFiHEH5
#HT—MUEFS M), EERFRAFESTHA B la G|, RGBSR E M EHE
B-ERMHELHHNER, FH MG (WUERERTFI B MG o)) MiFLER.
AXMuTEMERTAR., ERMBAFOESBECE. BB, RO &A EIE RS0
i, BOYEBE)EE AT LA # Gottfried (1966).

E&Eﬁ%%ﬁ

FEEEHAT AT B i E R ITHE Z 8T, BITE—KFIEA ﬁﬁ%fﬂ?ﬁ X — WAk

EH, Y5E45NIETRENBFHEBREHEAN, FHMER-BRHELTRHERA
MREUE S, MAEMEAKIS, ;=) fMIS,;+), MAXRUREREF S, MS,.

B, BRATEEMZ—TF, S, +R¥FHET— & SGz FAUERT, T8 3 038 5 # 5 1M
ARER. XEHRE S, +BEWMB TS HO>EEHHRMARICH | ). B—ABHHERY
1

%?v ﬁlﬂ:
]
(1S, [ =(—|S,; )| = L (1.4.8)
[ (+] | = {—] | = o
FREBMTUE S, +HEEHEWMT
1S, 5 4 = L4y + Lo |-y, (1.4.9)

J2 V2
K o, WEW, BT (1.4.9) REF, RAVIE TR —-AFE, B —EL KN E
AHET T+ fl—) FEEERN BRETH, HBBOL. |+ fRETL
EHTHMIEN. S,—HRUHAG S, +HRER, BN S, +WARIES S, — 07T stk 2
MEHRG. XHERHERSH

ISIr—>=-—L+> —?'w—> (1. 4.10)

HAP®MNE—RERBREAEET |+ WRBEALHOMEN. HEMM (1.3.30) K, &
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AT LK S, BAMEMT

S.= 2LUS. 1 H(Ss +D — (S5 ¢S5 =]
(1.4.1D
z‘g[fM(r+M—w>+e“<Fﬁ<+|ﬂ-

ER, EMERLMEARE, RIMMERNXADS, REKK. LS, AFS. . KUNIEIE
FH
1 i,

1
1S, s 4> = L |4y 4+ Lo |-, (1.4.12)

JZ f
S, = %;[e-me(r+><——|)4~e@z(r—><+w)]. (1.4.13)

ﬁ?&ﬁﬁ/ INEBE 6 R 6, W7 Lhr b, A RMNEBAALHFELR. BRERKN
H— ﬁﬁﬁﬁﬁ WETF, W=z rmaEsh. AT L% B — 7 SGx TR #EE —1 SGy #9

Fﬁﬁu,ﬂ;"rﬁ.m—m IR, XN LERNERZLEMUTREMN RS (1.4.8) R
155 5
1
(S,; +1S,s B |=1¢S,; +|S,; =) |= —. (1. 4.14)
|48, ] |=1<S,; +| I N
UETFYBEAFZEEDZ THAEE, X—42&RFAFE. £ 1.4.100 XM 1.4.12) K
A (1.4.14) X, 187

%llie;(a,ﬂp[: (1. 4.15)

-

HivH
62—61=%3i~% (1.4.16)

Bf, EAXABEBWHE. TRERNEER, S, MS, WEBTAAEIMELHN. MRS ©
MEEITRLH, WS, MERTT—ERMEBN (RZIFN). ERNXAEH R A EF T+
ATUAEE, REHSIARUNRTAHEN—DLFRFE. WS, MERTRIE HiE =0
R—FMITERMEE; BMEANE S =~ &, EN cHRSERHERNTTE. EEF -
HIHT 6, UHR—n/2 Brn/2. MRFE-NEMEBOARFEIFAHFE. RINERE
MEREROBIRRARAFRLRETR; HE « Mz BF, EEHF y MO EEFDRE
HE-MWNEREX. UREIMHEERAFLERITBIEN IR AshaE; IRt
A]LAIERA 6, ==/2 R IERA I IEHE.

Aé\zél:_'—l:s ﬁ
L 1
|S, ;) = —|+) £ =—|—), (1. 4. 17a)
J’ NG
1 i
|S,; ) = —=|+>+ —|—), (1.4.17b)
’ V2 2

» XEALGEZEE] ) ) EXTPMEEMEFRE. X -SHESIEPEA, EREHETRENZT
|+ BfTH.
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il
S — {;[(|+»<——1>+—(|——>«+I>]v (1. 4. 18a)

Syz—%ﬂ—ﬂl+ﬂ—%)+iﬂ—ﬁbH)l (1. 4. 18b)

AR, XBEABAS, S, THWAMFARRES R EETRBRAMBEARLEHIK LT
e eEm (1.1.9) XKk (11149 KE—HN. (FE, ExX—kEgH, RFl+H 5
(— | BZEMASHAETFAEYEE ) s, B (1.3.38) REXHWIETK S. BFF
BAE A LG R

S.= S, +i8S,. (1.4.19)
MESIEHBERS, MS, 5HBAENS. —EWREXMNHXR

[S;,Sj] = iGU-khSk (1- 4. 20)
UERIBEER

(5,.8,} = T#3,. (1. 4.21)
Hbwxt5F (] SEMGF () HEXH

[A.B]=AB —BA, (1. 4. 22a)

{A,B}) = AB + BA. (1. 4.22b)

CRATHEFT 52 RATFRAF B¢, » Xe,, BAETHIFNEMERBSR, EHSBER+1
Xte, , BRTHCT HAR 00 (2 07 08 5F e, AF S IR — 15 0 24 4F 10 P A F 48 b A P B B £
#0.) (1.4.20) RFWXHXRERAN AN RM S L ROBRMHNLH, CHEER

SRS 3 B BATE. M F, (142D RePRRASERBIEY R B RS R4

By — N4 sk e
EATEA AT EXLERF S-S, HFEEHR S,
§=84+8+8; (1. 4.23)
FA (1.4.21) KX, ATHEHAXNERF ARTE— BB/ EBEK
sf=:(§§)hi (1. 4. 24)
B, BITF
[s%,S,] = o. (1. 4. 25)

EM%E%3$$E%%.Hk?%%ﬁ%,§$ﬁ%$ﬁﬁﬁ%%ﬁq%W,UAJ&
A A5 IH B AL
EESEPURITE |

MERFERERX, HIESBITEHANRMAHEN T RUE. YHNHERFXTS
ff, Ep
[A,B] = 0. (1.4.26)
Al B A 1 B #iE BB, Y
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[A.B]#0 (1.4.27)

B, A FIB #EXARBEN. Fln, S WS EMENTRME, WS MS. 2AMEE
F%) AT U I

IRV R B EHATT UM E A M B FER. REF -8, RIBELGREEEH
A AR KRR K. FRAOLE LS X ARG RS BIEER B B AR KBk
B, MERMNEM. BAMB ZHEHTUNER. A MATELKS B WAEGREA
LR R?

£ B X A ) 2 1. FRATT 0 R R et R AR EE N —
& BEFEMA (HEA) KW A WARELAEK, ENEEHRGAREMRE; WX
MAREAROAIEERR A HE. EXHEMNFELT, RALEERCARIEA RS
la VAR —Fh e agidk; tesh, WATERTUAFAZ—T . FATATE S H 0 & T ARAAE
ARMERHEREAERFOBRETIENAR. EEENE. YHRTENEBRKT AN
A X ARIEEAEAE, XAH (o)) KA REROENMEELTFBATEE. %2
R, EREFHENTREE A S, BEOFEREETEAN M5 maTnEE (ki B)
RIASAEME . 7T LAFH SR bric ik 26 fa 3F AR 4 2K

MERNESERE - T EENEH
FEL2 BEAMB EHAMRTWME, miHAMREEZIERFG. WEET
B ld) B2xtfn., (EXEBB—TF, mRERA () ERNEAEK. WA BERKT
REZP=0p::L:0Np)
ERR XA A AR R A . FUHMEE TR E X (1.4.26) X, K
e EE

(@"|[A,B]ld") = (" —a'){d"|Bld") = O (1. 4.28)
Hit, "B la"y —ZFRF., BIEJ=d, ZFHIEYTRIMILA.

FATAT LA B R TE B

(a"|Blad’) = 8;0¢a’ | Bla’). (1.4.29)
FE, GFRARBMNEERER, AMBHITUMAMABEER-R. M (1.3.17) XM
(1.4.29) 3, FATAILIE B B

B= > la"¢a"| Bld">{d"]. (1.4.30)
BEXNMBEFIERE AN—IERTEALHEK L
Bld') = j{j| a) | Bld"<d"|a"y = ({a'|Bla')) ). (1.4.31)
R, X Tﬂ%%ﬁB%$ﬁﬁf HAEMHE R
b = (' |Bld"). (1.4.32)

Hit, la"> 2AMBM - NHEEEEE. ERERNRA G FXHDRR, AT
LRI la" 06" RRIEX AR A A K.
RMNELED, HENTRMBREARFEARELGR. REXREAWAELREZER
HHBELTIERM, XNRRAFEE « ERIFFEMNBRL. XHEH.
Alad"y =d' 1"y NTFi=1.2,,n, (1. 4.33)
Hefla?) RAWMr MEELMAMELE. ENBAEHAROAEES. A TEEX—
A, BRITFEMAOMEBEARE —DNEYH S WEREAES, EBIERIEE LS5 Titien
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T i FLLIE B BT Mtk
AMB MERAEMEHEEAIS 0 Fn, EATHIERE.:
Ald 'Y =d'la' 6", (1. 4. 34a)
Bla' 6" =b"|a" b"). (1. 4. 34b)

UARFEEMEIFN, INMFEAERER, BAN (1.4.32) XTTHBES, WRHET
'y BiMMBt—EmEERE S0 PR, BERFFER, 8.0 ERANE
Z. AT —A A 5 04 1 F R 6 B X —

REMEEIBZAN,. APEASEZEMITIOHEANE, EETEM SR
IR %W sh HEMGE L (BLEMSBF ) ML, (FLEASEN : 0 8) HWEMEESS T
BEIU+DMmb . HPIR—AEEAm,=—10, —I+1, =, .. ITEEHMETLE—
MHERBES, LHAREAE ! Mm,. B, MBERMNREZE (=1, W m BEIRA
PABLO, +18—1; MBRRARE m=1, MIAIUR1, 2, 3, 4, F%. HARHLE!
Mm,, BOAGENEADESH —RMEMNE BB RY. BFEHEA-MEEERK
kER @), E

[K") =|a’ 0. (1. 4. 35)
BARTUERMNZERET DAL (FAPNUL) EHHEETRMNENER, B
[A,B] =[B,C]=[A,C]=-=0. (1. 4. 36)

BERIMNELKI T AWM EGAARNEMNBRXES:; IREHR, RIMNATEEASERK
(1.4.36) XWBELT, BERMNOBFRPFEMIRME. £418/F A, B, C, - HAEE
AUERI, ERMBERNBET —IEE W 6, Y =), WA, B, C, - HILFAME
ARBEHE—HBEET. ROTUB—-KAHA—-EEER K'ER &S 6, I =) 3F
|K'Y =la",b6" ¢y (1.4.37)
HIEZXRRIEH
(K"'|K') = 8kx- = 8uus®snSci ooy (1.4.38)
T 58 £ Y % R H A AT LA S i

Z|K><K |_ZZZ la’ b e e lal b e = 1 (1.4.39)

ILT:!:?HH%F”:‘?A%]B %*EQE’JTM{”UEHNT EMRNE. RERMLCUE A, BAE
Ra'. BEE, HNTUNE BWMAINER. BF, RINHFUE A ARMNYMELRK
ERAEIE=KNESRMELS S . XHEYR, B (B) WEHFRBEIKRLURIE
F—W (A MRPBANER YA WREEERN, XIMERRERVIFHG.

A i & , ,. Bug , o, ABE P
> = b)) la 6" la",b">. (1. 4. 40)

BRI, HRMZEXHEN: F—K (A) MEBHJZE, REHMHERLR
StrAs

Diei a6y, (1.4.41)

Hbn BEHE. FARATNE, MANAERK|C07) BEERENAMEHES. F2K
(B) MEARRMAEMEAE (1.4.41D) ”c%i%IﬁiqﬂH#tﬂj—Iﬁi—ttﬁu. la" 69y, —18
HITE=ZK (A) MER, B8 FERTEEIFFE. ANESBUEEATH.
B AT LA RiBE R Z R 4 1.
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AHREFUYNE

MARMNERAHEIT AN E, HHBEAREERBLT. F—HTFERANRAM
BN ERALFRIAMELARTESE. NIEHAX—5, itRIMNBEEHEFEEXTH. Ba
REFE—HERAMELAEER, BAEMER (1.4.34a) XA (1.4.34b) K. BR

ABlad' 0"y = Ab"|a’ by = a'b' |a’,b'). (1. 4.42)
k=
BA |a' 30"y = Ba'|a’ 6"y = a'b" |a’ 40" ) ; (1.4.43)
Bl It . -
ABla' 6"y = BA|d ,b'). (1. 4. 44)

FE£A [A,B] =0, E5BEBEFE. U, B8BTS, XTFRAMEAEMITRMNE, [0
BEHL2EX. R, FE-ITAEBENON. EHERSHPTERFE -TXHENFES
B, S AFMB BEAHEENITWIMNE, (1.4.44) X3 ZTFSHMWATTERRY. 7EX
B, HLEAERLTH -0 FrIREAB THER. BERMNBE - (=0HE 2.
REL ML ZXf5, INMENAL, ML, B—NEREERES G FXBEANER, RIEE
¥AE). XMFNTHXA T35 H 2 —40.

HEANE L1 TR FIHER -SSR, L4 —%5 KA Wi g
MR NAHOIER. RAERNS EA AL AOE D — RO, BRE LS Bz
MR EENE, H—- T (A B TEANEKRN S HEERT A HA
S, REE-ATES (B BEHENSCEEN| ) HFHEFTHENEMS, ME=
MitiEsR (O BGEHENBENYIC) FHEFTHARNEMES. RINBRXBHRLENE
— MBS ORI —h 1 BB EANBEN ) MR, B TERETHE
W, BRITBRAE

[ 186 |21¢b" a"Y |2, (1. 4.45)

|a"™> |6 | e

(a)

la>=) |b'><b' | a>
b |e>

(b)
1.8 ELEAENE
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BAEIER AT o R AMLAE B MR T A AT RE o' R MR, WRELE, XEKRERNG

FACREEE - o BRI H bR A HE I B R RARRMNEEXMHIRA

RBREZAOCARGE, $%; KA. ROVEXLEHBERM, MiiE2
SIS a2 = :E]<c'|b’><b/1a'><a’|b’><h'uf>. (1. 4. 46)

RERMNEXINERS AR ML HEM AR, AXMEHT, SES BAFE
(HABHTEE), Z20E 1.8b. B, MENGFHME (D, EXETUE R T EE
i

HﬂdM%qZkﬂyxwwH%:ZZ)HWMMJMJWMMMx

(1.4.47)
HEE, (1.4.46) XF1 (1.4.47) KEARRW! X—HRESEEN, EAEXHHFL
T, WNE—A iR kmla’y RFABT AFIERM B MAE A K4 A

la"y = DL 167)¢b |a'y. (1. 4. 48)

Heb R A T g0y o T8, BERNEEAEALTRES C =ENE RKH
FTBMERFEEMBT. FEM—MBHLT, RITAZR E#E T HL B (AMEHELRR
EHET; MR —-MHERT, REEREC) BE (1.4.48) XWEX EHEMIO) W
. BEA—FMAFXE, LhRiCRELTERN OV RBENOMEER T A XEZEN, BERA
Jakxt o' KT M. BFHENZLIEE T

ARG TXRANREXNEBAHFER? RINABLZEE LT, IEHEBIX
MER, EAGFEERIR, RE

[A,B]=0 8 [B,C]l=0 (1. 4.49)

BMEGT. WaIEG, RAOTET R XA REE IR R AR A W] W B R E

FHEEX R

X—VEITEHRE - T CERAHEEXR. AE— T TRME A, Ki1EXL—1
uH

AA=A—(A), (1. 4.50)

HAPMEFEEHMAEZENRENDHEESN. (AA) WTFERN A REE. BARK
IE:]

((AAY?) = ((A? —2ACA) +(AY?)) = (A?) —(A)". (1.4.51)

(1.4.51) RPEFH—IRXTF, TEIRBENS - PMTEANE L. ARHEERER

EFHAREATIFR—-TE. BR, YRENER AW —DFESS, RBEIF.

BB, — AL SRR R R CROBEET. GBI, M T4 B R AW S+
. S, WIREUETLHHE R, BEY

(§%Y —(S,»? = K*/4. (1.4.52)
MEZT, T S.+&, REE ((AS)Y) BRIT. FHIt, FS.+4&, S. & “R#

B” (S. ERVREUE) M S, BEMKN.
RIMERERAHEELZ, TE L6 VEHETENELN r-p AATEXRHE
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7. RAMB ZEARME. Bz, MEE-AE, BRIN—ESATHHAREX.

((AA)U((AB)Z)Z%H[A,B])IZ. (1.

ZAEM K, BATERFZR =45

4.53)

S| 1.1 MR (Schwarz) ANEFER

(alaX{BIP =1<a|P | (1.4.54)
EEUYUTERJLBEESHE B
lal?|b|* =]a -« b|? (1.4.55)
iERl ®Xk, £E3
Kal+ 2B« () +2A|1) =0, (1. 4.56)
HPAAURE—-MEEER. H41=—Q@la)/BIpE, AERX
(ala)(BIP) —|¢alpy|? =0 (1.4.57)
—EW, B (1.4.54) XE—FH.
sl 1.2 JEXBRANSEEGEE.
iR ZAMIEBHEREEAM—RZEA (1.3.21) KBEPAT
S 1.3 EXHNC=-C HRIEXER, EHFEREd B
iERR EBHREFE LS.
BFTXEs5H, RIMHKEBIEHAIFBEERXR (1.4.53) K. FIAHFIHE 1
la) = AAL|D,
|® = AB|). (1.4.58)
HebsmAaER]) RETRINMWEEITHTEELARNSEE, K152
((AAYD((AB)?)Y =|(AAAB)Y|?, (1. 4.59)
EIEFABT AAF ABREXME. ATRE (1.4.59) XEHKE, RINTEESR
AAAB = %[AA.AB]—%—%{AA,AB}, (1. 4. 60)
Hep, XH5%%& [AA,AB] 8% T [A,B], BEREERIEKHK.
([A,B])' = (AB—BA)' = BA —AB =—[A.B]. (1.4.61)
MR, RX¥5EE (AA,AB} BREIEXY, TE,
(AAAB) = “([A.B]) +~¢{aA,AB}), (1. 4. 62)
2 218 % ¢ 2 fUR
ERBEABI TSI 2 M5 3. WE (1.4.59) RWAEHRT K
IC(AAAB) |2 = %I([A.B])IZ+%I<{AAAB}>|2. (1.4.63)
AMTZEEE (1.4.63) XWE M (KX HT) RLFEALAEXLRZER -, HE
(1.4.53) KXBIEHAT. "
» X, FEEER AA BRI V(AAD, HEAREEXZRER AAAB>%I<EA.B]>I. Rili. A

B AAMABHSHEMBIESF [N (1.4.500], MARK.
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Kﬁﬁﬁiﬁ%%ﬂﬁﬁfi REFHIN IR EELST. HEAVE 1.6 Witk r-p A S
%%Nﬁﬁﬁé@ﬂﬁ—%%.

1.5 Em¥ZE

THRUH
BAERNARA RSO TUME AR B, 6 R0E %% FIBET LR RES (la))
Bitk. WARERES (1)) Kk B, MFAKRTORSE, |S 2> TUREER

K. WH, 1S WWLUAERINMMELAER. YR, IMIMARANELRERKER —
MERZE. RIMBMNBHERIZIPMHEREEREKEN. EXEFHNUERZINE
EHHERERZONE. B (ld)) AEBKMEARNERRN ARER, ATEHEN A
MARER, BRAEXNES A TR J7 B =X M5 R

RIMMEAEFEME N THER, EEZHEXH-F48 () MHFNVERNA
—&4& (o)) BREREK. Ak, RIONHLIEATRERE.

EE 13 EFIEARNES, ENBHEEXH—HMEsd, WEEXFEKN—1
ZEﬁHU 15

6Ty =U|a™®).|6?) =Ula®)=,[6V) =Ula™). (1.5.1)
ER—NAEER, RITEME-IBEAWHERMG
U'u =1 (1.5.2)
Gl
Uut = 1. (1.5.3)

ER FATELREHERIEAX N EE. RITHEER

U= D 16%)a™®| (1.5.4)
3
BimEX—Ek, HIEXPNUEHATY £ BR, {ld)) MEXH—HEET
Ula) =16, (1.5.5)
b URLIEM.
U'U = Ez|a<1)><bm|b(k)>(a(k)|_ Ela(u)( (ul_l (1.5.6)

Hep, RAITART (1)} E’JIEB‘CJEI R {la) E’Jx%& MM T XEATFE X
X (1.5.3) A,

THERE

MRABEFUELENE (o)) PRERRIEAEXH. RITA
a@® | Ula") = a™® 6", (1.5.7)
EERKRAT (1.5.5) K. #52Z, UBFHERITH ERELE XM EA RKE M RB
RITCBE=HZAP, E—HAGERE x, y, 2 THA—HBMERE .y, 2D
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M E AT LIS ), [0 Goldstein (2002), 134~144 T
x+x xoy
X §ey yed
z+X z+y 7.2

R — .5.8)

~
b
~ 2 N2
.
~~
—_

M @? U o) HRBFEERNIKE (o) BIE ([ HERER.
BE-MEELAK |, EEEEPHRARE o 2CHM, B
la) = D) la’¥¢a |ad. (1.5.9)

EHBIAECEHRETHNRARE Ol B2 ZEREFEWTH. REH OV FELL (1.5.9)
X (HTEHEBEEHORET )

(b* |a Z</)‘“|a‘“><a”’ la) = Z<a‘“|U la”Y<a" | a). (1.5.10)
HAEEAS, (1.5.10) f%wﬁ, HEHFERU' ﬁﬁﬂ&%%qﬂl&ww@[@ﬁL B ] 15 21| Hr

PR B AERE .
) = WUHE (1.5.11)

R ITAMBERITZ AR R BRESFH.
GP X |60y = E Z WP 1a™ Y @™ | X a™ ¥<a™ |69

(1.5.12)
= 2 2 a® U a™ Y a™ | X a™ y<a (U |a").
X R B AR P BV R M B T i
X' =U'XU. (1.5.13)
—NEF X Wil E A AERE T A
tr(X) = Z<a’|X|a’>. (1.5.14)

REEEXFEMT —HBEENEL R, ‘fETJTL‘/HﬂEBH (XD BRAKBTRRHB. WTF

VAN

=
Al

PICHP IPEEDIDIDNCUSIAP LATUAPS
" P

= DWW | X6 (1.5.15)
uoo

= DX,

FATE AT LAUEBA .

tr(XY) = tr(YX), (1.5.16a)
tr(U'XU) = tr(X), (1.5.16b)
tr(la"><d"|) = 8, (1.5.16¢)
(|6 )¢’ ) = Wby, (1. 5.16d)

xtF i

PR IERMNERAITE: BE-NTEFBEEE{ O IPHERKTE M, WK
XN RFRARMEEMAMEL. XAOREEEN T IR AL BROLXEERE. REEZETED
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ZRBEE AL AR, FIKBIERE R RS 5 XA RS R ER 5.
RAVEB AR KRB ARG o AL R0 . ENA TR

Blb'y =b"|b"). (1.5.17)
B, BAE LS R
ji]<a”|13|a’><a’|b’> = b b)), (1.5.18)
M (1.5.17) XPMls) RF BRIE ! AFMELA KRS, AT AAEFEFSIE (1.5.18)
KXE R FER
B, B B, \(CP" cp
[B“ By By ~} C?me[CW]. (1.5.19)
Hom
B, = (a'"|Bla") (1. 5. 20a)
il
C = (a™® by, (1.5.20b)
Miiej. p M TBEIERSEOER N, EMBIMALERKPRBER ., (OY5RE 2
det(B—2A1) =0 (1.5.21)

WOLRE, CF ATREFEFHM. XRE-NRTAMN KRBT, BEH N MR®ES
R FRITAEFMENLANOC. MBET 60, BATHATLUBEHEM C HE—THIE—1k
SUMEMREEEEEF. H (.5.200) X5 (1.5.7) KXxtk, RINFH CL BIRHE
{la"y} >0y BRI KA L IE 5 M K5 [T,

T M, BREXMREE. fl, £EhH (1.3.38) X:H (1.4.19) XFFE
XS, XANBHBREIEEKRE. A S. X5 H kAR B

S, = h(o 1}. (1.5.22)
0 0

AR RE T AT K IEAE RE T k. 758 2 BRIV AB - SHEHIBRFH TSR -1
JEXBANARTELAK. R, CEMNBEBXRNRTEARFRER - EENIERE—%.
Mk, RATEX—T TR RMARXERSR A GEEE#A.

AEFEMARNE
F A 3E 1 T B L E R — 3 A R A X — Y.

EEL4 H-WEHEEH (L5 KHUBFRAEOFRAELZA—BE {(|aH} M
(o), METU, EATLEE AW —NLKIEESKR, UAU'; WK A MUAU ' HL
EEMAIRNE. ANMAKEHERLTRE.

Alad)y = a” a"), (1.5.23)
BREWRE
UAU'Ula'’y = a'"Ula"). (1.5.24)
BRZXTUKRE KN
(AU 6"y = a' b)), (1.5.25)

XAEUREMERZHGERY. EHFRN, X0 B UAU  MAEMEAL K,
EMNEES ANAIEEL ARG KEM. BEZ, 2 EFHTAMNERLA 2R KE.
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RE\EEXL, RIELGRILY) WRXER

Bl&"y = 55 5, (1.5.26)
8 (1.5.25) K5 (1.5.26) XXFtk, WATHER B #1 UAU ' 27 AR B 5t M fb A9, — 4
HAMEER: UAU'M BASEMHRINE? EFDEXBHERL S, EREFE £
#”. B, WS, MS., BEM@EL—NL EEFLKAE R, EORENES 3 ZHREiTie
B, INAERMFER RS y i /2 AN SER. EXHELT. S, AGHE
S.WZIEZ#R. HARNMES, MS. BRTHRBEMAEE —E), +4a/2 1—h/2—
AAEINEXMEENF TP, BRI EER KM,

1.6 (B, BHhEMFERE

EE

BIEHACAIE, FAE BTN &R EBRA S LW ARMEEE. Rin, BFh%¥+E
—Sen I B EA S S AAEE. flin, RESEN B p.. ERFAFFXNIEHFH K
A—NEXRBERERR. R, 5S. KAMHE, p. WAREE (EEYMEAAMT) 1T
— ool 02 [B] (4 F 77 3L H 1A

EEEAMARFAKRBS MO EEERAYEREN. XN —ISHRNERE
REILF AN, EBHE, RENRE S AEENA R YR R 2 [0 15 5 645 R AR AT LA
SCEPHEST. TEEEET ARG, BiISEHARRKES.

BIMTASERMEEFE (1.2.5 KLBUNFTEFH, EELIENELTEHEER

glgy =¢1¢y, (1.6. 1)

Hep, ¢2—1E/, MERREMR. HaFEHE, AR BREFeN—IEELAR, H
FIEERHE, BBl REFAN—ITRELAR, HAMEMEN o —#.

EBERX—HK T, BRAAKR A o RBEHERTP WK (Kronecker) FFE5—H

ik EF MBI ENEMEM (o) B IKM R,

(a'|d"y = 8, > (£ &) =68 —¢), (1. 6. 2a)
Dla'ya' | = 1—»Jd€'|E’>(€’l= Ls (1.6.2b)
la) = 2|a,><al‘d>"’|a>=Jd$l|5')(&J|a). (1.6.2¢)
Z|<a'|a>|2=1—»st’|<€|<:>|2=1, (1. 6. 2d)
Blay = D) (Bla">(a’ |a) = (Bla) = st’<ﬁ|e’><&’|a>, (1. 6. 2e)
(d"|Ald"Y = a8, — (&'|E|E) = €5(¢ — &), (1.6.2f)

BUERE, MAZENERXE (1.6.2b) KRB (1.6.2c) A (1.6.2e) =.

fERMEAXMGENR

FELATFBRMNEBART H¥FFH - RKVUBLFE LRI TEIE. HTEIFHEERY
REAAEZEENTUNENNE, RFNOBERLE -NREEROGF. HRRITELE
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—HNNE (L) B
NEBEMR x WEMFEEERIZ) HE
|2’y =22 (1.6.3)
MIBEEER—ITZE&E. KBS AR NEERKEEROL. Fl00.23cm, Tz £
TMEH., —TEEYHESHSERTLUA (1)) BF.

|a) :J dx’ |2z |a). (1.6.4)

BERMNFZEACETRNEN — NS EREEMNEEENR. RERMNERT —TE¥HK
NIRRT S, (R TR R AL T oAb T A 7EAE 7 oAt o T B, R 88 A R RS S
— M KBRS, RO AT LU, FHREMER ) Tox., BAERE, HixEDN
MARMORIEAR, o) B “BEA” T2, FELEYUT - IMEEARSEH -4 S, %
RIA SG {XAFRTBEE] S.+ (B S.—) &

Lhr b, HFMUFRZEMGRERFEMT " MHEM—MREMER. SRS -1
BFMNTFEABEHXE ('—a/2, 2’ +48/2) B, —PLFREMB[HR S K HRERS.
HZRB AR B — e, SARRABENT .

=] a0 2 [ a ) e, (1.6.5)

a—A/2

BEEXMTREMXEBIA, o) BEITUBROEL, FRFEHWMAEANERE TR
%t

| (2" |a)|tdx’, (1. 6.6)
HPRITE ABH d'. X5HE Afla) BER ") MERR |G o) ] KBl 7E—ofl
o [B] Y FE A 7 iE SR BB F R BE R R .

J_ de’ | L b ]2 (1.6.7)
ERA—F 18, RE o) BEHR—1{kry, B
Cala) = 1:>J;_ de | 7 M [ = 1. (1.6.8)

XEABRES N FNZETRCELER, (o) BEH ) KRRV R
FE 1.7 TR E SR BB X R RIF R B E R B REH » RR. ,

MEAEAROESTUY B =% EFEMENEETFAEPANBECENATSH
®Kix'y BRE&M. Hit, — 2B THBAHE (KWWAK KWETFHSHRTUM
{1x"} gan T R’ FF -

|a>=J'd3.r,|xl><x'|a>, (1.6.9)

Heb xX'fFx, y M5 BAER, X)) BAIWNE «, y M=z 714 FTEXEHHEFA
EA % :
X' =|z",y 2, (1. 6.10a)
XY =2 1%, XY =5y x>, z|x)=2|x"), (1.6.10b)
BESRBEW % XN — N FAERMELAR, RIKBEHBETHNEREN="2ERER
EBETHRMNE. HKt, RI—<F
[xivx;]=0, (1.6.11)
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EEF‘»TH x; ﬁ]fs ﬁ%u%%/?; T y*ﬂz.
T

RERNSIAFEBEBEWNTBRS MABOES. BEFHERITE— M ERBLT
X EEMA. IERIMEER—FERE, CEXISRENE -MEREAHS, X -KEM
F X +dx FE, TG (B ARy R BARE, XBE—FRIEEE X AT F D
R dx, LHXFBRIENBRAIGX) Fx, H
Fdx)H)1x') =x +dx'). (1.6.12)
HpmEAE, - ATRNESHETRY L 28, (1.6.12) RMWEARE—MIE
KRR, BEX—K, EAMEEN X +dx. BR, |x) REERFNEBEHH 4%
Ef %,
FAMEAMEAEKIE— A EESNER o BF, TUEEXRFNEBHTF o ©

.
la) = F(dx) |a) ::3<dx’>Jd31f\x’><x’\a>:: Jd”x’\x’4—dx’><x’\a>. (1.6.13)
ATEATRIIE (1.6.13) RWAEHE R
fowx“+dxv<xwa>=:ﬁffﬂxw<£——dxwa> (1.6.14)

Ho A Bt &2 M, mx RE—TRAEE. XXRH, FESIEX) o) ATLUE
T (x> E X BB x—dx 55

FEXEHPA —MEE ARLEFBHNEN L REZEYEREESHIT N
B, RIMMEBEMNTRIRAREXE—FZL, MBREAEHAROT B —dx'. NIHE
EvF, X -FMERMEFRMNER, XTHUREBISN T —dxX' W3 - REE, [
—ANBERBELESGREAHN. EABRRMNRZEARMAZIMITE. BA, BEERNER
IIAB X B R IBE— .

WA, BIPIBES N EBERFIAx) M—EE RITERMOE - MMEREHH
RPEGRMM K ESE. WRAK| H—H1, ERXEBENAKRIUX) ) BEE—
N1 REHEY, FHit

(ala) = (a|F' (dx") FdX ) |a), (1.6.15)
W ERES NPFBELXIER
F(dx') Fdx’) = 1. (1.6.16)
XNRAEATUSERE BNEE, EFLETBRTHROERAREALT. XN TFHEAHEE,
RIVBEE L BN RLTT NFEB—HREB ox', BHEHEEB X, Hhax'fdx’
AR —ANHE. BINBFHRLNERRE T ETREZM I +dX BB — T B
B, TRENEK
Fdx") §ldx') = §dx’ + dx"). (1.6.17)
E=AHHRE, BEFE-MEHERT TR, RAOTHXA X E @85 ER %
B 330 4 7] :
J(—dx') = § ' Wdx). : (1.6.18)
FUAMERENR, X dx' >0, FBREFALNEEER
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lim §(dx’) =1 (1. 6. 19

dx' =0

HEJAx) SHRMNBFZER IXH—R/NE.
WATHAETER , MRELFT/NEBREFEA
Jdx') =1—iK -+ dx', (1. 6.20)
HPKWAEK,, K, K. HEEKER., WERFAENERBESIHLE. £
o[EIdGdx) MLIEWH] MR MT
F'dx') §dx' )= (1+iK" « dx')(1 —iK » dx)
=1—i(K—K" « dx' +0[(dx)*] (1.6.2D)
=1,
Hepxt TS /NEH, RIMNZBT dxX B9 ZHIM. £ _HEFE (1.6.17) Kt aT LUIE
mF
Fdx") §dx' )= (1 —iK « d¥")(1 —iK « dx")
~1—iK . (dx +dxX") (1. 6.22)
= J(dx' +dx").
BEAMENAMERBR N (1.6.20) XETHE
#FINR (1.6.200 KXAdx) WIEHwERX, RINMNMEHESE - TMTEFKE5EMFxZ
B AEH EANR R, HREED

x3Ex)H|x) = x|x +dx') = (x' +dx) |x +dx") (1. 6.23a)
|
Fdx)Hx|x'Y = x $dx) |x) = x| x +dx'); (1.6.23b)
it .
[x,ddx)]x) = dx'|x' +dx') = dx'|x'), (1.6.24)

f(1.6.24) REF—HHELFFEMNRER W _%/hE. X8, X)) TUZEEE
B BEARTAR, HAMEBEMNEATARERT —1MZ&%E. BERINT—EF-1TEFIE
X

[x,§dx)] = dx’, (1.6.25)
By,

—ixK « dx' +iK « dx'x = dx’, , (1. 6.26)

, Hob, fE (1.6.25) KA (1.6.26) RMAD, dxXBIANE—DE X FUA—H [xD
PRk A RSP AN ER. RdxXHx, FEFERES x, WirER, R11E53

(z:,K;]=i6;, (1.6.27)
Her, 8, BRBEIARFE - RAER.

hEBEA - FBENT

FE (6.2 REMBEREM 2, v, 2 MK BEFK,, K,, K. ZEHEAXH KR,
iefE, Blemik, KBEFREDES/NFREMFED (1.6.200 EXLH. AT LIKT
K ft AREHY P B L We?

FERAR R F A G EIRE] . oo TS AP, FRATTRUUM 22 L 4 B
hEH—EZF. " EHAKELS, RNFENZAH2ERAOTHE. i8R -1X
5N RTT. 81PN — DI/ R A LA fFE— A IE N 28
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Xz =X=x+dx, psz =P=p. (1.6.28)
BT AMAE R B (Goldstein 2002, 386 Tl 403 T)
F(x,P) =x+P+p-dx (1.6.29)

kg, Hdvp 1P ¥ RMNAZHE.

XMHTBREBEFHFEFHEF/NEBES (1.6.200 KA BERAMHEME, 5020
REATEAE (1.6.29) XPMWx-PRESFTH (X=x, P=p) MWAEREH. dHIEE
TBENEF KEEHEX LSBT A¥THHBBESE X,

MUEREMF K RAEHERFEAGERE? FENE, ENEEAYN, BRAKEA
1/ (KE) RN, RNK--dXLHEEENN. HES

K (1. 6.30)

:ﬁﬂwwmém%ﬁﬁﬁ
BIFRAHER, BTN R F 73005 A B E X & WS bR . M
R, IAHBAEXEREEN, HAMNGE LR, ERFHEZN, SuyEEREH
. HEREER, lec GEFHE. 1 L HEX) KWFEE. FHAMA e, %%,
BUE TS 2R 0K AR, A SO B 2 7 WL B > B Rk © B
MR T 8%, WEERILTEE S LUy R R EASLR, SF (1.6.30)
2 B BOR 1.

TEXH, REBEYE MBS E LT, BIERM e, BEN rWRF2
[ AR EAE LT e*/r. HBAEA BB, W HF B FREN 1 {82550l
TARIGE 7 E 69458 mks B4, WLHIEFR 1/4me, CLEF A).

(1.6.30) RPHHAMEBERERSE 92U FETHEADELE

i _p
== 1 (1. 6.31)

FHANFEE L ZRERK, P E2—1 “RFRE” MKK. BaELE BERFKERSE
BCr RUBEKMES, @A RR) HIANWETFI¥ER. RAXHHE, L5
NEREFAX) ATE R

$(dx) = 1—ip - dx'/k, (1. 6.32)
HAbwp BABER. MEXFR (1.6.27) XAEZR
(z:vp,] = ikd,. (1.6.33)

XMHRKE (1.6.33) REKE, W, - Mp, (MALE Mp,) BRAMEERT WM
B, HEATEEKE - Mp, WERAELAER. 1.4 THERERNTUREXE, RKBE
ROMEESHBHUAREEXER
(AT (AP = h/A. (1. 6.34)
(1.6.34) XM —LLn AR 7E 1. 7 W L.
Rk, RIMUBRFRSNEHE. —MERETEHE (- NFRK/NGE R FETH
3 ATLGES A S LG /DN FBEE. itRMTEFERE > FTRAFBE—B ALBEENER
V.
Fazr'x) Ix') =[x+ Ax'x). (1.6.35)
HEHE NKREF MR, HPE —KREH—NMEF 2 FEMEEFER A /N FF&RIE,
#HA N 50, {1157
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IAN s _I'P,AII N
g(Aa'x)——igq(l "Eﬁ?‘)

= exp(— ip"hAI )
KB exp(—ip, Az /B) BANRIH p, W—DREG —BIME . X FEMBEF X K
#HA

(1.6.36)

2
exp(X)El+X+%+'“. (1. 6. 37)

FHEHN - EAUHRRBARTEMAL%TE, ,, -
PO - My M FER, BXSA. £/ 1.9
FRMATUERBER X —8, EMN A %313 B &,
5RMNEH CEREH DREBEXREN. WB*¥LE,

Jay'y) §ar’x) = F(a'x+ ay'y), A §
Jax'x) F(Ay'y)= §(Aax'x+ Ay'y). (1.6.38)
X—EHARNBETENRE BN ATE, £3&ER
ITHIERR, EARRBMMHESI RIS, T A f Ay’ i
RFRBAEG, RITEE e i *C

B 1.9 AN J7 1] AR 4R B

[9CAy'Y) §(A'x)]= [(1_1P}-Ay A% +)

h 242
_ip. A’ piax
(1 h TON )]
, , (1. 6.39)
~ (A.T )(Ay )[Py9p1:|
~ s ]
HTF AL F Ay B RITER, #(1.6.38) RMER, =
[(§ay'y).Jaz’x)] =0, (1. 6.40)
ISR
[p.+p, ] =0, (1.6.41)
B 5
[pirp,1=0. (1.6.42)

XANMGRRZREAR T EFRHEENSMEREERE. EEMAELT L84 R C#H 5 H
X5, HMNEBEHERAERR/AR (Abel) B, =24 FHEE 200 /REE.
TR (1.6.42) XEKRE p.. p, Mp. BREHAM TN &, Fit, A0 LR
—Ap.y b, Mp. WHFEFRIERR, BI
Ip'Y =|p.spsps (1. 6. 43a)
ple) =pllps plpd =pilp)s p P> = pllp). (1.6.43b)
Rdax) EXHE—ITHEERMEAR LN EREXH

9ax) |p’y = (1—1‘%"—)|p’> - (1 *%)]p'). (1. 6. 44)
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EIMNBHNREBD T MR/ NGHETLR, IPMHBNEATELARDNERFARAE, KLU, 5
IX)AE, [p) Bidx) BH—IAEEKR, X—HARICLHHE T, BH

[p.Jdx ] =o. (1.6.45)
R, BHEE, §dx) MAMEHEREESH; AX 8, RIOATENF - LHARTERH. A
HREBEHAX) RLEH, BHAREXKE.

EN X &KX F

BMNEE - TEHAARFBNERERSFHOI S LR
[.r,,r,-] = 0, [p,,pjj =0, [x.p,]1= 1ko; . (1.6.46)

REXAMBTETFAH¥NEA, EXRREHES, BBEMHRZN “BARANEF&E".
HE, EMUENNSXRZRERNTSXHREL Tt

ige b, B W. BEHRMET 1925 FFiERA, 0 R4 —Lu 3 P\ — 5F e vk HL ) 89 B4 5 40 1
MHERARE—E, WYNEHHN —-SFEFHRTIELASANREBBIRERRE. B
BEXE, BLRML Y (P. Jordan) 8 i #R 10 A9 3 B A0 30 Br b 5k 2 R IR B RO SR 35 0L
W, FRETF (1.6.46) RE5EBERLUMBREETENXR, EHESHRIERENE".

WRTE 1925 5, KPR ERI HBEESHMIAN (Poisson) S MAXM S XRENT
BIE#R, WEMEBFHEXRBITUNEMEHERXEREGT.

(s ]an —»E%l, (1. 6.47)
ih
FEARBRNTTLIEIAE, fER g flp BIEE, SHMANESHE S
. JA B JA IB
[ACgsp)Blgsp)Jun = zg(ﬂq(ap, ap,a%)- (1.6.48)

B, EE&BAFERRIE
[xisp; Jan =8 (1.6.49)
EETN¥EPETRT (1.6.33) K.
KA AN (1.6.47) KUTFREGE, BAZHIANMESHEFHFXMSHXRHELE
BB, Fals, A8 [ ERAIZHNANESEREF A4S XA,
#HATLUIEBA FHI K R

[A,A]=0 (1. 6.50a)

[A,B] =—[B,A] (1. 6.50b)

[A,c]=0 (¢ RE—1%D (1. 6.50¢)
[A+B,C]=T[A.C]+[B,C] (1. 6.50d)
[A,BC] = [A,B]C+ B[A,(C] (1. 6.50e)
[A,[B,C]]+[B,[C,A]]+[C,[A,B]] =0, (1. 6. 500)

Hep, RE—TRKREXRANBERTEE (Jacobi) EER.™ KR, FEEFE - LEENEY. &
e, ZIAMBESHEARR TR FA¥EXMGXANEN, HRIE (1.6.48) XhhH 173
q F p BB, HOK, ¢ M p S RBEIAMME S RAEH, MR NMEXRBEFXMNHRRE
RIEKE GEF 1.4 WH5IH 3). FRBIXLEEH], £ (1.6.47) XPHATETF ik

« 8 pg—qp=h/2ni BEZTEFFIEM (Gottingen) MBI B AEM F R M09,
» HEBRME, BFO¥9HMatESXHLERNAMUXEERTIEH.
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AT B EE 7RI RBUE N X 5 R R KA TR b, RATE M X 5 R RN F &
AXET (D FBROERM (2 BFBNEBTAENSBEMFER, — M EERAR
BN EEFE. RIOEERX—ITEERA S, HABW R B8HE 2 825 A9 7]
BiF6. s, RIE L4 HHBIMARANBRIBSERN¥M p Mg ZAMT. A
EMBEAEAES 3 ZHIEVHK, BIEAZIE D BB X5 X R0 LUE A st R # S ok,
SR BATE R A5 1 A 5 h IE R 5 50 &R — HE.

1.7 (rEFZNE 8 P AYIK R

fir B =3 i8] i oF 4

EX - ESH RS EEREEF#TRENRRT. ITHARR, iERAITE
—%EOL. ERARNELAREMELAR, EWE

|2y =2"1z", (1.7.1)
EUXHEM—FTRET—1k, IFEESEHEERN
(2 =8"— ). (1.7.2)
gMegxsdd, RE-—IYEBRSMARATLUAIL) BIF
|a) :Jcl.r’|1’)<.r'|a>. (1.7.3)
MEBFEK (' la> AXEER—F @R, B
[ <z’ |a) |*dx’ (1.7.4)

BRI 2 MHE— M RAEER dc AR BB FROEE, ERMNNOERP, AR o SEE
HHRE o) BHREH ¢ ()

(2" ey = ¢, (). (1.7.5)
EMFENNFPRAR . (=@ ) URERE . (=) NIBRBBREZE
EAZAM LB EA NS, RIMWEXRETRAE, ENEERAZ—E, XHH
MEMBREE M, 5 EE—H, o OHBE—-ITBFRE (L (1.7.3) R]. BF
KPR REE, BIBURKETH¥0%—.

ZEAR QBlo. FIAIL BEENE, BRITE
<ﬁm>=:JdI%ﬂLﬂ><xwa>
(1.7.6)
= J’d‘r'gb[; (¢, (),
UL (Ble) RIEFADHABZEIMWERE. T8, RIIHFARE Qla) EXHNEER
s B Bl AEEBBEIRARINN I HZEHEBREHEMN. Blo BEH—MHKH.
xmﬁ%i%mﬁ%%,bﬁﬁﬁm>x¢&ﬂw>KMM$%m
X =L R AT B R BOE S BRI X
mw=2mwwm> (1.7.7)

RITMAMNBEATEAEERE (J1EZF (1.7.7) XBOWH, Xk
<£m>:2k£mwdmx (1.7.8)
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FEFEFWNENNERS, ATUELZRHA
(,b,,(.z‘ ) = Z(',,'uu'(.r/)»
FERBRIIFIATAMEER o WERFA WEIERH .
us (1) = (2’ a’>. (1.7.9)
RELRNMARELAEA O FIP WERKEE QBlAlo. B, RITA
</3|A|a>=de’fdx”<ﬁ|.r’><x'1A|.r”><r”|a>
(1.7.10)
= deljdl'”gb/; (XA g (2.
Hit, HTHEERDY BlAl0, BINILFTHEEBET (A, —BEkE, B A
"FANERE R
MEATMME A BRVNEEF > WREHSHBRKME . FHNE, FE

A=z1, (1.7.11)
XA TE 2 EREITEMNEIBER FREMNBFWMESR. RINA
(2 = (D) - () = 28 — 2, (1.7.12)

HPRMADT Q.7.0) KF (1.7.2) K. WEHRS (1.7.10) KREALI—1T£F
o

(Bl |a)= Jd.r%ﬁlf’);"-’(:’ la)
(1.7.13)
— fdf’gb[; (2D ().
— 5
Bl f() |a) = de’¢,; CHTICHUACOR (1.7.14)

FE, (1.7.14) REHLH () B—1ERF, ALY () FREFH.
MEBEEDMNHBRER

BAERNMAREMERES, MEMEFTAREAERNERT, HERAFEERE
frakesy. WATH R SRS BIEI TS /NEBERITTHE X

(1 —$)Ia>= de’zmx’)l:’m'lw

= Jd.r' 2"+ Ax' Yz |a)

. (1.7.15)
=de’|1")(x'—A1/|a)
, d
.;J‘d,l |1>(<1 |la) — Ax (I;(I |a>)
P E
play = Jdl‘ |z’ )(—zh —(x’ |a>) (1.7.16)
57

(| play =— ik ,<I (@) (1.7.17)
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ENRBERMABTERSHER (1.7.2) K. X XLKHPE p BT, RINMER
(L pldy =—ik %,3(1/ — . (1.7.18)
M (1.7.16) BINTER -1 EFEEMNESEKX.

Bl plar= Jd.r'(ﬁ|1’>(— i %u'm)
i (1.7.19)
:=deu¢(xw(—-m-é?)¢xafx
EERMWERF, (1.7.19) XARE—ITRE, E—EBEL, EREANAZSIENEERMEE
SRk, EENA (1.7.17) X, BIBTLAKE
<£wuw=(—mwi%uﬂw. (1.7.20)

(7"
7
dr "

(B p" lad =:jauf¢; (") (— k)" ¢, (). (1.7.21)

Zhik = 18) K B 8

FEFCAIE, RITTMMBRERE - Ehi#Te. BE-Mp ZE RTEANRS
ZH) LR EHFEETSNOXTRE, RATATUMNEN 5 X Z#EMX— A, HERIMYH
p B, BENBRRHFTLE.

HTEE, RIMDR—%z=E. £ p ZPHERELERAE

plp’y =p"1p"H (1.7.22)
LL &
PPy =8(p  — p. (1.7.23)
BERMAELR (1p0)) UHMNESRIAEAR (|2} KEHFR®FRXKRA K H.
TR, —MENSKE|) WTRFWNT

la) = Jdp'lp')(p’la). (1.7.24)

SMFRAZRE (pla) BATATLAGE —FEEEME, WE p AHOKEME) ©F -1
R dp WIIBERN | (p'lad | *dp’ . HEIBRHE. R (p'le) HBHIBBEFEE, BHEER
AHFS 6.

(p'la)y = 8. (p"). (1.7.25)
MRl EHEA—LT, WEKER

Jdp'(alp')(p'|a>:= Jdp'l¢a(p’)P = ] (1.7.26)

BEULERINTEY » REE p RRZEWEK R, RINENZ—T, £ LBHOELT,. A
EWE (o)) BIFOE (1)) MENKEEATHRER (1.5.7) XRMEM. R,
RIS, KROBEEEE ) &, ER M p WEE, BERZAIN r REE
pREMTHREY. HTHESH p) WEAREXKX, HEEIZ-T (1.7.171) K,
Zla) AHBARIELK] P, RITEE

(21 plpy =— ib Lk’ | p7 (1.7.27)

ar’
By
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ﬁuﬂﬁ>=—m(§Aﬂmv. (1.7.28)
(2 p") MRS T BRNER
(Z'|p'y = Nexp[iphij, (1.7.29)

HPNED FRERENT—ER RETHRER p) BREANER M p 5K
¥, BROTUEREEEER p REESHENNO 2 BEREK. Ba, ETUEEREME 2
AR EIH p BEMNSIBAESMBEIRE; RaEN, ERENBRESRp) HEELK,
BERZ A BEAMERE (JIE « ZHE). Bk, (1.7.29) KRAARE—-IHEFRES
R—TEE. ABNE, RIMNERARFAESCE TR (CEERAHE LR WHLTH
SEZYEEI W Sl AR5 N
HTHRIB—FHN, ILRIMNEEZE
(') = Jdp’<1“\p’><p’|1”>. (1.7.30)

RMER 8 —a"s ARAURA ' |p) MRRRRAIH K

a(x’——1”>::4rvlzjdp’exp[iﬁ—ﬁf—ili;l]

h (1.7.3D)
= 2xk [N |28z’ — 2.
RG], % N VAR HREME, &ERNEGE
Py AN 1 ip/f/
(' py = mexp( . j (1.7.32)

PLTE S 18 UE A b 25 18] B R B 15 3 B 25 8] 52 bR 40 an T Bk ROk B9, ATA B AR
P

(2" a) = jdp’(x'lp')(p'|a> (1.7.33a)
f
<p’|a>::Jah“<p/|x’>aﬁ|a> (1.7.33b)
B
N 1 ’ ip/I/ it
(2 = {ijdp exp( - j?s.,(p ) (1. 7. 34a)
0
$.(p') = “';L_‘}delexp(_‘iplx’)¢ (z"). (1.7.34b)
¢ V2mh h ¢

X —xf 5 A E R AMTAE RN (Fourier) RIEEBETUWER. BR, RITEKEH
BrE2 Y “HE” TEEn R a3 THE.

EHEEE

i M — N ELFRERRINOEATEARA RN, RIOTFE-PHAENEHRE
B8, ER « =EBMREHTRAAE

’2

Ny — | —2— b — A
(' |a) = |:7r1/4 ﬁ}exp[zkz o ] (1.7.35)
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XE—MEPLMTEASNSHHBELARNG. BEN LOFEE. STl >d, Wil
AR FHBEREMTRIET,; BB, BMEEFEI G || BARENJNED
R AR,
RMAETE ». 25, pFp? MPFE. BESHRE, c WHGFEERET.
() = J:\dx'<a|.z">1“'(1"la) = Jf dx’ |<x' |a) |22 = O. (1.7. 36)
AT 2 RAIR
(2?)= J dz'z"% | {z" |a) |?

— [ﬁ]f dx’_r“’exp[—di ] (1.7.37)
_d
x
ESBMNEBEFWNIRBUERN
((AD)) = (22) — (x)? = d; (1.7.38)
p Ml p I EBATLITEWT
(p) = hk (1. 7. 39a)
<p‘~’>=%+h2kf, (1.7.39b)
BRI BE—1I%Y. Hik, shE8NFEBEHR TREAEH
2y 2\ 2 _ R’
CCAPY? ) = (p*) — (> 2 (1.7.40)

AT (1.7.38) A1 (1.7.40) X, RNITUKBEZFHEANLSHEE LR (1.6.34) R ;
EXFHERT, FTHEERAHTRAE
h_z

(A ap)?) = ik (1.7.41)

EAKIT d, R F—MEHREE, RIOLREE - FXBOXEXMARLE DL
WA EAXRERX (1.6.30) . HTFRIGH, —THHBBEELEHEBEAR D RAL
) B 4

KM EFEEHEEE. B EENRSY, RELRBEEB BT T, BIKE

’ - 1 ]. . N _i[),.l', 4 "_I—’Z‘
(p'lay= («/—ﬁ)(n” H)J_ dx exp( ; + ika 2d2)

_ /hi?e’(p[_(ﬁ Z—hhk)d]

XA SRS EERBIRMETRE (p M (P WERFE, EOR#EEE-1I%.
KEZEN p R FHMELRSHAY (ESREEED, HPOMT ke, BRBE 2
AERIZNFOMERSHEY (ENEZTE), HPOoTFLA -8 mH, &6
R REHERRR L, XEMAA—MITARRA (1.7.4D XN EIH5 k89 A 5 2 B
B CAnHCap)') MIEEN. 7 p THEMFBERI, £ SEHKREE-E, RZ
ER— RGBT, BRIRRINTL d 50, B2, MESEERE (1.7.35) AL

(1.7.42)
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BT =AY RBEESAGFEEE, RN FHBEREFRIER, AMBT /. Mz
T, B EMERBRENL O RBE, 7 it B ARG, EHEUEBERT,
Wid4 d >0, BATBE -2 0 BB A E B E 2 | Bk, (8308 5 5k
(1.7.42) KER—IEHK, REEBT »'.

KMNEeass, —IMHRENES (Ex2h) STUEBEREARAESNRBENS
BEAMSHEM EEZEREHNES mc THREXKWHIEBEAES L LTEEEESMP.
R, EXHEAHBENELT, RTEMMEBFHENRRAEESAEERN". RES
XFRR, EMBEARMEAK | FENEM EETHRMNMOENAEZHMNAZSME.

B =%

El, HEERERL, EX-THPRMNHIEBRIRE-ESRHTH, HREREH
—SLRHHAE, RO — T U B =4 E. FFRANES KRB
w2

x|x) =x"|x" (1.7.43)
MEUEARIEAK, BATLIBGER
plp) =p'Ip" (1.7. 44)
FhBARIEAR. ENHEMNE—LEZHG
x| X)) =& (x' —x") (1.7.45a)
Fn
(plp"» =& —p"), (1.7.45b)
Hew o' RR=4 6 ¥
O (x — X)) =8z — 2y — )8 — ). (1.7.46)
TEMXREREN
Ja’"x'lx')(x'\= 1 (1.7.47a)
#
Jd“p’lp’><p’|::1. (1.7.47b)
EMATLUARRF—ITMEBENSAHEE
la) ==Jd31/|x')<x'|a>, (1.7.48a)
lay = Jd3p'|p/>(p'|a>. (1.7.48b)

RIFZE X 1 (p'la) BEHIMROIE 25 [ B R E ¢ (x) FShE 25 [ 60 3 R8T ¢ (p).
EHBEFETIP Mle) ZEE, SHEBEFER

Blpla) = Ja”x'gb;,’ (X" (— itV ) (x). (1.7.49)
AT (1.7.32) R EHE

« BRRY., EHMERFAFEDP. AT RES” REW LM ARE. EHERASOBRSERESR HEEX
B8 .
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’ N 1 Zp/ . X,
(x'|py = [(Zn_h)a‘z]exp( i ) (1.7.50)
A
N o 1 3,/ Ip’ 'X, ’
g (X)) = [EE;;;;;;]Jd » exp( n )¢a(p ) (1.7.51a)
!
’ 1 ’ —ip’ . x, ’
$,(p') = [W”du exp(%jg&a(x ). (1.7.51b)

BX—THRRBEWEBERNRAERN. E—H®MBH, B-EH (1.6.8) XEKRE
Kol | PERAKEEBMESN, Fit, HRBAFLIAE (KE) "HMEHRN. SZH,
SHAFTHERR—ER (KB T HEHN, BN o] s EERRL2ZE 8
A1 (EEHN.

2E]

1.1 iEM
[AB,CD] =— AC{D,B} + A{C,B}D—C{D,A}B+ {C,A}DB.
L2 BE—2X2EMEX (FA—CREXRLEEM HEX
X=u +0o-a,

Hefa, Mla.. BEH.

(a) ay Map (k=1,2,3) 5 tr(X) F tr(a,X) A AN RXR?

(b) FIAERET X, KH ao M a,.
L3 iEH— M 2X2 K o aWITARENTERPFE.

’__ Iﬂ"ﬁ¢ 710"fl¢
g*a—*>0*a =exp( 2 )a-aexp(T).

YUnikzEHBE, FH e Kb e, FRBHRBHEE.
L4 FAER-HRREAMEHSIHTETHER:
() tr(XY) =t(YX), Hf XY #H2E.
(b) (XV'=Y'X', Hep X 1Y HRRBEF.
(o) BER-ARIEXT explif(A)] =7 HP AREXER, HAMERE MK,
(d) Za'g; (XD (XD, H g (x)=<(x"|a").
1.5 (&) ZEFMAK| FMIP. BE Wlay, dlay, =H 18, &1p, ~¥WHBH, H
layy 1™, ARBEERNESE. REZETEN Q@ | HERXR.

(b) MAEHE—DARTRLE &0RIDAHD [ —h/2) Rl —h/D) & BHIEEE (s ¥

) WET, 5la) (@I XM H M BR.

L6 BEIOMIDBREEKEF ANEEALAR. EHFAKZGETIH +1) BEAW-IEELK. IE
PERKERE.

L7 EEREXREFANETEER (1)) K- HKRZR. REEMLMABH.

(a) iEBH
[ ca—a)

REEF.

(b) ¥
(A—d"

7 7
a"=a (a" —a")
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1.9

1.10

-
() ’%A%?‘ﬁlﬁi%%?ﬁ:ﬂ’d S.. HERR (0 5§ (b,
FILA |+ F | — > B9 IE 22 4 3E 1
[S:2S,] = ieuhSi+ {S..S,} = (%)8
Hrp

S = B IHDAHD. S, = R oG,
_
So= A= 1=¢=D,

HE— XIS n:+) &, FHHE

S-nlSsns+) = (%)\S-ﬁ;—k).

HbnmfEPHRNAERE. BHENEERAR(IH Al— mMKtEas. [E:. 5812
cos(-g)lﬁL)-Fsin(—;L)e“)—).

BEAEAZIERXANEREE LARAMME TR, TR T XA 5 BT E Sy B 69 4 fiF {5 (] 221 4 58,
WA, FEEHRIMEERAEME N AMEHIER. ]

=

— RS R G H R AT T A
H = a(|1¢1]—=|2)2[+ D 2| +2>¢1 ),
Hta B—1%. REANER. KEENAMEEMHNMNERAEAR ERHID M2 Mt

HED.

—PRESRGEHEEHEA TRA N

H = H, ||+ Hy |2)@2]+ Hp[ 112 +12>¢1] T,
K H,. Ho- M H. BEAEEERENNIH. (IDFMID>EENTNNE (FH) WARFELE.
KREBMNATARMHENMEEAMNE. BELENERWNT H.=0 BEEMN. FATFENLR
XARE, R 50358 a] LAAS I E B b i A

(SR +) = 2 1hs b,
Wiln;+) mMTFRAE
In; +) = cos-‘g—|+> +f'"5i"§’_>'

He g fle 22BN RAE n AR AR LM, 7R 1.9 AR b gh T o f IR )
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E%ﬂ—’l‘ﬁﬁfé%ﬂ‘l%ifﬁﬂﬂ:s-ﬁE‘J—/l\?MlEI%S. HAEMEHR /2. HPnk oz FlEH— B

ki, 5F #ikr M.
(a) IREBMES,. BH+r/2MBERLF A7
(b) & S, WTREE, B
(8, — (S, ).
CATIERAE ORI, RIFFE y=0. /2 Ml r HHKBRTHEER)

HﬁHﬁ%%%?ﬁﬂﬂT—%ﬂ%ﬁﬁ%ﬁﬁ%%Wﬂ

() B—RMBHER .=/ 2WFEFHEHs.=—k/2HET

(b) B_RMBHEE s, =h/2H0EFHEF s, =—s/2HET, Hebs, REFS - n MAMEM,
n ¥ oz FHE LS - Mk ng

(o) BEWHBHERs.=—h/2MEFHEF . =n/2WEF. YE-RKUBFFETH s.=h/2F
WME—F 18, RBs.=—h/2RAMBERM2? UREMNEERER s.=—rw/2 RRMWBE
BEKRE. RINMLAERRESE RN ERME?
BFA¥PE-TTRMERAMTH 3X3 EHEER

01 0
1
—[1 0 1]
V2

01 0

(a) RXADAWMMENT A ERMMENOREE. AEFFEG?
(b) Ati—1 5 LREGRMAENYHELH.
BAMBERMAAWUME. BEAMBWERAMESLRE (o 6)) MR- HEXZENELAR
£46. RIMNRETETLIB 4R
[A.B] =07
MRRHBEREATLL, X8 WREABTRESTLL, 2H—1RH)
PN E K E R T 5
{A B} =AB+BA=0.
BB TETE— 1 A M BIYREIRS (B, FFED AYARAEAT & 09 i B 326 51 150 B R 59 36 W
EHFEANATRME A A IRREAE,. BHERMS
[A,A,] #0,
ROZEMEA A HEKREBRENS .
(A, H] =o0. (A, .H] =o.
MR, E—-RERT, BEAMESEEIN. FEEGISG? 1B — A6 F 4R aT L% e a8
H=p"/2m+V(r) ., HEREBR A —~L.. A,—~L,. ’
() HEFMEAKXAEXWEHRMFEROT. HEEER, WTEMEHA KA
a |+ @D -~y +a [p) =0
RiE. &L EHEANXIMIARERALIBRRIAEL.
(b) MERH, MEEANMEEHWYHELT, PEFERHEHRLE
AAla) =AAB |a)
W A TEEXRPHES ML,
(o) AIHBERWENAERMBITHWEETETIEY . B TR HNWSHAKG
i’ = ()
h ]

(') = <2ndf)"‘exp[ o

WREBRNAHEERXR
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SR JapD = %
E PR 33X R B — 1 1ol 307 B OB R A B O R
(' |Ax|a) = (BB Aapla)
MER, 5 b HEF.
1.19 (a) it®
((AS)) = (8 — (8.7,
HAPMFERA S.+&. #£A=S,, B—=S, NEEAT. AANERRBHS N ABEEXE
((AAD(AB) >%I<EA.B]>I 2,
(b) Xf S, +&. #£ A>S,, B—S, HELTREX M RHAEEXR.
1.20 HHFERBEHERR
((AS,)2Y((AS,)?).
BEXKEMNLARI+H - HEHEAE. HEETEHA, KRNI M REAASTHIR S, MS,
MIARTREEXR.
1,21 SFF—ANEEP T B A W B 2 8] B — R R F
(0 MFo<<ax<<a,
B { it
KB 2-p FHEER ((ADDAP?) KIE. MESMBMESHATRE.

1.22 RME—FRERABROAEEEREMEEN, 48— oK e AR 600 etE K 8 a0
BER BREZHEREREN, METEIRTHWEREREN. KRTUR—ERTELR B
BRAMEL. BIRKSEORENEERTSEAKE. RE—TEMOBESR, FHBPRR.

1.23 FE-IEHfARsE. MRE-HEXHARES, LLlD, |20 M3, AEREK, BF
AMBH®H

a 0 0 h 0 0

Aﬁ[o —a 0]. B'=[0 0 —il)J

0 0 —a 0 ib 0
FR, Hpa o MALHL
() BR. ARRT - RHMi%. BHBERT HHAEG
(b) iEMH A M B %t 5.
(o) A -AFNEXP—FKES, ENEAMBUWHRAATAR. BAREEX=1EKES
RWME—THRIERREAMB WATEE. FREHETHEESSHRTESMIAEREDG?

1.24 () E#H, AN A +io,) ERE—NZHBERETHEELS « MER — /2 HESNBERNE
BEFRR. (5 EkE S 2INat4#9).

(b) A S, WARIERRIENERE, M S. WEMKERR.

1.25 Y- NEFEENIRE EIFELT (160 AER) PRERIT WA 16 #HESHA Ak
FHRZEMEXHZH, XMMERRLLXNG? W2, NFEEFEHAART ([0 WH
fla it X RETE AR RE? FARMMER. WS, MS. (WIE124) K fMp,
B, BRRERMKS.

1.26 WE—NEHRER, BES. MANEMS, WAMEEREX. FTHRNERSTHMHEEXER
KAWK:

U= D 16"%a" .
1.27 (a) BE f(A) BR—TMEEHFE Al =dld) WEXREF AN —ITEE. CRNEJBIHY

EBERER . K 7| FA 6 BIE.
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1.28

1.30

1.31

(b) FIA (a) PATELRNEESEL. K
(p'F(r)p'.
R LR R AR, 8. rBVa Yy +2. o, y Mz BMELH.
(a) I Mp, B—MEHBAE (RXIAELZ T —1 3B momentum, EERNER., —F&HDE) ALK
. REEHRES
(2 F(p.) ]un
B {H.
(b)) X—&K, @ Mp, BHEMNETHEER, KMHXER

[J'.cxp(iph'u ) ]
(o) FATE (b) PBRMLER, EM
exp(I/;la ) [2'). (x|l =2"1a"M

BAUREMN r WAL, MEEMAEERTA?
(a) Gottfried (1966) TEMAI IR 247 W Lifl. MATARRIAHZENFREH KB F MG, N
BAMBRXABAL “FEHER"

[2:hG(PY] =ik .

;ﬂ [p mn]:—mﬂﬁ

TE BA X AN 56 k.
(b) R [22,p'] M. BENEREZMMARES [0 lua HELE.
—ANEHRBY (E)) MNBNEBRTH

3([) =exp(—_l;‘—P.—[)q
S, Kb p REBBHEA.
(a) 3K

v, FDI.

(b) fMA (a) (BHMFE), BRYIFE ) ELBT O 5E.
EEXHERITRTHIE) GEREMHBAFAR EUARE—IE - BROSA K o LR
BALEATABIRBIME (x0 M (p EEXFDFB TR, AA (1.6.25 KM (1.6.45) K
HA ) =Fax) ), EHREEFPEBT () = 0 +dx. (p) >(p.
() AEIRIEA (1.7.35) K&, iEW p M p* BHEMN (1.7.390) M (1.7.39b) A,
(b) FIHENEZE BRI (1.7.42) . K p M p* GIHHE.
(a) IEATFIIEK.

i Plrlay =ik P’ p'lay.

ii. @Blrlay =Tdp'#; (p)ik— ¢<w Hehd(p) = (pla Me(p) = (PP HEZHESTH

I PR XK
(b)

exp(ﬁ)
h

MYBELRAA, Hb - ZUBEEMN, MEEENER NS B ERNE RO ERME
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Bk, ROEBRATHEYHE RGN B R, A 5% T HEREA KM/
MM BRI Zh #EE. BEZ, AERX—FRITAROLHEFE, HPHEPHE (Lagrange)
M FEWLE 3 T BN E T HERLUTE.

2.1 HBEEAFMEEERIE

BRIV G ICAENEEZ AR WEHAERBTFAEPTRE-NSBMAR-DEF. Rl
Hi, BIEARAI—FEARE. RRIEMERF—HIRENAIBEFELEXK. B
AWHERER, BRI FRBROD SRS, AP ENLE, BERUENZI T
BEEEN—TTRBEMNE (FEAR) A —THR _EZEBERLEE L. K,
HANTRERF R T N BEAEAN, B RABNER (A5 2 [ Z E X R B EE. FHH
FAXT IS B T ST S0 T S AL B T A (] 5 [ Ak, (BB REEMOE THIEE, JEALE AT
L B B 7 AR B R R — S B RO T MR — K.

BB R E R

X - TRMNKEMNERSRE:. D EROMERESRZE? BERNTA -TMPOHER
%, EMBLRE 1, BZIH o FR. EMEHNZ, —BME, RNAEEBZRER
FFERIFERIRE o). IERANTIEF F B 2] 52K B AEX G KRR R A
| lastostys >0, (2.1.1D
Hhbith o, ¢ BATRERMNAD, XRFZEFANBEWNSERNZ (. BELFE ).
M T EEAARE—1 SR, RITEE -

lim|atyst) =|a), (2.1.2)
Ias[();t()> :lagf()>v (2- 1.3)
REE. BITOEREF BRI DG KB EHEL .
i [a] 15 £
|a,tu> :(G')'H—("(ZVZQ?[). (2- 1.4)

Bl —MERETR, RITBENEWE, BIEMBEMCBE TR, o T, SGRMTELL.
HMEBETPBWBENL -, XMIMERBE—-THERZARBRECEFOUC L) KR
ok
layto5t) = UCt to) |asty). (2.1.5)
FATH B AR BB IR ? FE—NEENERETERTFENUC ) B
IEHRER., BERE t, BASERAENSTTWME A WAL KR
lastyd = D (ty)|a). (2.1.6)
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e, TERREAZ, RITH

lavtyst) = Dcn (D ]a’y, (2.1.7)
— k. RATERBERN BRI RBARERFFAHER
lew ) | F# ew (20 ], (2.1.8)

mm,%ﬁ—¢aﬁgﬁﬁ,ﬁawmﬁgﬂ—¢mzﬁmmmﬂm%mwm.wmﬁ@

W, BEt, MEZAWBIE « HiA, BERXRELES BH—IFESLE, HEEHEHR
h/2. EWMREHEAThERIEHMN, MEMBIOER, ZEEAE oy FHLE#S. XE
R, FE > BZIRME S, +HBMERER 1, SEARMOEERNE S, —. WEMRA
BEfZ . MBS, +M S, — MR AMEHRITN 1. RENTEIRITZAESA (2.1.8)
K, KA @ 1.6) XM 2.1.7) XWFS, —BEI—FF

Dles ) * = e o] (2.1.9)
A—FMREFRE, WREERWERIEF—2T 1, MEMEBUBEHRZIE—ERFH—
3 1.

Cartolaste) = 1=>Castost|artost) = 1. (2.1.10)
MBREFBOEL—H, mRMBEEABEFRI LI ERRM, X—MEREMERRKR. i, &
114 2 B4,

U (Lyty) UCEaty) =1, (2.1.1D)
BAUBRFEAERST N —1. ES5FSEEELIEERABRTEIRESGAHIEITE.
RIMNMERUBEFEAENB I —MEERENESH.
Uty 020) = Uty 42 Ut o20) s Uy >t > 1), (2.1.12)
XAFTBREG, WMEXKEMN ¢ B ¢, B8 E] 3L RME, AT AT LUES E BN 10 5
6y B Bl BETEEABIMEENER —XE-TEHEMNEXR. EERNENEGM
FiE (2.1.12) R
FIE AN EEAEFUG Hde) BRETIHERN:

lavto;[() +dt> = U(Zo —’_dfvt()) |Ha1()>. (2. 1. 13)
mFEsE (W @212 K], Hd&TFER, TG /NEELER—EAL N BAER,
&1?’1 u(tr)‘l_dlvlu) =1, (2.1.14)

mH., SREFBELTIE, RMNBAUG +drae) 51 2ER 4 BRE.
AW E, TRABERAXEESR
Uty +dtoty) = 1—iQdt, (2.1.15)
Hp QR—1NEXEMT
o= a, (2.1.16)
A (2.1.15) B, ZEF/DPNETFBEFHELLE S
Uty +dty +dissty) = Uty +dty +dtasto +dt) Uty +diisty) s (2.1.17)
EESREMNEMFRMHE - d BRI, K EEETLE (d0)? 30 & B 6950 Al L Z B 5

* R, MRIEIAIER ., WMRMFEWES AMNS. Wle OIRWRET e G .
s MR QR REEE . R ELFIE o BRRE.
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R R miE
Uty +dtaty) Uty +dtsty) = (14+iQ7de)(1 —iQdt) = 1. (2.1.18)
B QHEAHERER L TREINEN. BAFAERNAZNEA RN ] W
BW? FZ—T, ZHEFEP, BEAFEK o @ EHR-ZREXER
E = how. (2.1.19)
5K FAER. HAELRMNEASE N DR FEE Zu B EAeAE T E (Gold-
stein 2002,401~402 31). ARET AT LUE Q 5RFEWMBEES H KR EE:

a=4H (2.1.20)

h
ZERTR, X5 /e EEARET TSN

‘U(t“ + dt ,/”) =1— iHdt

h
HbBETHEHEEMN H ZLKM. EETRER, XAFIAN L ZTS5HAEFB
BRRER (1.6.32) P s ME. AMTELHERHME T H¥EHTESEMEZ)
TRBILREE XS, SREW, REIWA & B, BUHAGESSEREIM
BLEFHEXRRANZARRERNX

) (2.1.2D

dx _ p (2.1.22)
dt m

BEEHE

BONRAERGHESHEIELAES U HDFRENEERAM>FE. # (2.1.12) X+ 4
L=ty t,~>t+dt, FIFREEAERFHSE ST

UU-%d!J“)==uu—%dht)uu,m)::(1——ﬁﬁh)uu.n). (2. 1.23)
HAbprtEzE i — A AEF /DN RITE
uu+mJn—uom>=—{%}uummn (2. 1.24)
EAILUERES T ERER.
Y %u(hl.,) = HUUt). (2. 1. 25)

XAEREERLERNETRAE. MAEESBELENSHIEH —CHMN XA IR T,
HE (2.1.25) VHRHT - NIESEERBENEEETE. HAla.t,) A% (2.1.25)
KW HEZ

ih %U(r.tnﬂa,lo) = Hu([,t(,)la,{“>_ (2.1.26)
AR lavt) FRBT 12 FFEA S
ih%'a’tﬂ;t> :H‘avlu;1>y (2. 1-27)

EHRMA, HPART 215 K.

MBU(.L,) ELRA/Y, FFE—LMETUC.) WAERFOBESAEEK ast), K
AVENRBEARMEETEFE (2.1.27) RXBL. ROV ME H 2 IBUCG. ) ER
fElavt) £, AXFFERMVTLUREEERZ  HESHK. Bk, RITHE—-MEF B
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RESHEEEAEFOEECE TR (2.1.20) WEXB. FE-MFEINLEN
L .

B 1. MEEEEA AR E. XRRIENE, EELSE  SOEK, WER
BEARRTFAL. —A BIEREAE S5 — i (8] 6 3¢ B0 37 48 57 A 60 iy 28 1 12k ol 22 K b 1
LR EE. EXMIELT (2.1.25) NMHHTREAES .

Utsty) = exp[-M]. (2.1.28)
K TIEAX — s, BRIV ZIEREFNT .
— i — e . L 5N2 _ 2
exp[ lH(h[ t(,)]: 1+ zH(; zn)Jr [( Zz) ][H(th t(,)] Hoeel (2.1, 29)
T ax A & 2 89 B (8] i 7 o
a —iH G —t) (= 1,(HY, _
Ttexp[ : ]—— +[ ] (h) (t—tg) + ==, (2.1.30)

FixRX (2.1.28) RERWEMS TR (2.1.25). BWR—=1, B, (2.1.28) XAk KA
NER, ARAFHEHUBEHERE BRERMNRKEBEARFEN (1.6.36) X —H, K&
(2.1.28) XM —F LR MAE S T /Nt EEALE R .
}]i_fg[l_(iH/h;\;t—th)]N =exp[_iH(£_t0)].
o 2. MEWRAEASHEAMEX, BRRAMEY HX 5. AT, EROF
BE— B IR AE 2 B — A58 B A R 2 AR E O MR REAE MBS MIER. A (2.1.29)
KX A

(2.1.3D

Ut ,) = exp[— (;—'M;dt’mt')]. (2.1.32)

R AR MM A RIESR. RMNREIE (2.1.29) f (2.1.30) XFH HGe—1¢) BR
J di’H () BT,

U B 3. ARIBZIEN H AX S, SERAS5 HRUMEHRXNETF, X—KEBIEE#ES

B m R A = B 2 M, =0, By HE% BRS. 5SS, FAxts,
BT He )M H() BT RE S - B, AN, EXFFEHRT, BEXEBHTRAEH.

UCtrt) = 1+ E(_TLJJ dhj[
EAERFRNEER (Dyson) ¥, ELLF.]. ﬁﬁmfg%‘n&‘fg H AR FHR T KR
TEEMEMMIMLETF. RIOIAEASER (2.1.33) KX, HVHIEREERLUTEES =
rh 45t AE B FE 4 5 ob st ) Y 0 A B IE B,

TEPERNAT, RAHR 1 RLREXEBN., EAERXTHHES, RINBE HER
R E TR, TESS 5 TR ATK 8 2 5t (8] 4 O (i B B &

BEERMEX

AT R RN EEABREMERAT BB A K o) KA, FATLHE EHE
EWMERATRIT o NEHAMELAR. WRIFANELGREHE
[A,H]=0 (2.1.348)

dtye J di,H@YH () +H(@,). (2.1.33)
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MABRAIERSR, BRERT. Ret, AWKELGRBR H WETELAR, RZAERE
EEX., EMAMEMEN E KRR

Hld"y =E,|d"). (2.1.35)
FATRAET LA (oY | RFFBTRIEAERF. HFEHEL, Be=0, KI1EF

exp(_z ‘] 22|a”><a”| ( )|a’><a’|

= 2 |a')exp(_ f“’ j(a'l.
—EMBRAERFA () BRI T, W5 8 R 2 i B 6] 1 7 9t 6 TR A7 A 65
RIGERBERZE. EXF T, BEMBARNEITA
last, = 0) = Z|a Y(a'| Z< la">. (2.1.37)

(2.1.36)

IERNEi%=]
last, = 038 = exp(—;Ht)Ia,to =0 = Z ]a')(a'Ia)exp(_ if“yt). (2.1.38)
WAaE, BRI REEER W T
colt=0) = ¢y () = co(t = O)exp(— ihE""j. (2. 1.39)
HERFAE., 8, S0 ARS8 5 A B 25E, B ARG KEE A HEE.
—MAEERNSEREAE, VISR (1)) BFFH—1. WHE, ®I1E
lasty = 0) =|a’), (2.1.40)

T 1 — > e Y B )

Ia~t(y :O;I‘):Ia,>exp(_ZhEu’Z)y (2.1.41)

Hit, WRMEHRGERAMH - MHERFES, EEFAERRZHFARFIL &
ZARER AR R ESR , Bl exp(—iEst/h). T{Lﬁﬁﬁ(_ti)@ﬁ, —A5 H#HEHT R
g (W2 1.30)] B—1EsF4& HTRERMEsirEen, RO KB B X K
RHARE .

ERTEMTED, BFA¥NELEFERACRIIR—A5 H X 5K W&t
BEMAME —BERTX—%, RIOTHTURBSTRMEHOAREL KRBTGS
K, ARRERAMNEHEAEFEEMADT. RENX—LRAALERE, W (2.1.39) K
FiR, MRS RITRBEHAL

RERMBIRTRAAE-AEHXIGHATRMNEA BER, SHFEILIMHEMEERY
5 H >t 5 69 ] W &2 i

[A,B]=[B.C]=[A,C] =+ =0,
[A,H]=[B,H]=I[C.H] = =o. (2.1.42)
RITME BAEBBASEHE. FA L4 THERALEFEFS (B (.43 K], BRITA
exp( ’H’) Z|K Yex p( E”](K’|, (2. 1. 43)

HPR®ELS, o, ~BHET, Ex ’dlEJE"E WEHwET. B, KB —-1ImEAEH
BEEHAHTAMNETAZEERKE. RERIXEN IS, BIHTUER
MM AERERHN A, B, C, -5 HHH*FAXEERHEM. BE—FREEHRTER
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(2.1.43) RmetEHEAERF. FLXAE—FIO7E, BATTEORBEA R E XX H 6 5&EH
ERIEN IR

FA 5 15 A9 B 18] 4k %

WEEE — A al W B A I AR (Ve vt s B AL B A RN, BE (=0 MER—
A5 HMBHEATWRMEA K—PARES, 0 2.1.40) XA, BIMNAEEB—-TEIR
B AR H XS WMEB WRE. BAEMBRRZXNTEERR

la" sty = 050) = UC£,0) |a”) (2.1.44)
B (B HTFR4AH
(BY= ({d'|U'(£,0)) « B+ (Ut.0)]a"))
= <a'|exp(%)Bexp(_IhE"1 )la') (2.1.45)
= (a’|Bla’>.

ERAEMT 1. U —ATTWNEX TRREXRMESHINFEAREZEL & T4
R, BRI AMESEEHHEANES.
MERAESH - 2R - EESEMFENA G, FLENGE BREVH
A
lasty = 0> = Doe,la’d. (2.1.46)

i:j‘:l j] a”y ]

RESEY B PIHFEN
(B)= [zc (a’ Iexp( )] B - [“Zc",~cxp(_

(2.1.47)
= Z ;(‘Jc“u(a’lB|a”)exP[w].
R, BT HIRE(E R — SR G IR, A1 B A O e IR R A A
e @—:Q (2.1.48)
HiE.
B Wit

EXEREYMES L T, RIOBE-RAIEE. RATAEEARNAERE
MEARE AR RS,

BRATI— ™ 5 - 10 5 6003

H:—(JL%.B (2.1.49)
m.c

(Kt TEHF e<0) Bk, ZLELEAH eh/2m.c WHEE, Z8—1H08E% BEM. A, ]
BB A—A U = RSB, KRR Hidh

H=—— (ﬁ)s:. (2.1.50)

m.c
HWAS. 5EH RE-"HHEF. FUENEAXMS. S. HARIESHERERMELE, HH
IS X A fiE{EL A
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E.=F&B | stxs +. (2.1.51)
2m.c
BEHENMERUTRIREN—
wE|:q|(B, (2.1.52)
EHEFANERARMEZEN ho. RERMNFETULEERS H HHEBKRE N
H = wS.. (2.1.53)
B MR E i AL RO B B &80 & 7E BT ) AL B AF
U(1,0) = exp(_ ‘:’S:’). (2.1.54)

RIVEHAER TS, RFVMBERFTLAGEHNELGRBARARES. WAMLAER|+) M
| =), EfTUREEAELAR. BE =0 ZREHTAME

lad = e |4 +c_ |- (2.1.55)
¥ 2. 1.54) XMEAELTE, RIER, SHEREMEENZIH
lasty = 05¢) = ¢, exp( ]|+> +c exp(+;wl)l s (2.1.56)
HAe®MART
H|+) = (+ "“’)|+> (2.1.57)

Bk, itRMNBEZRVMBALA KR o) EABEERLE (EHHMBE, S.+) MBS
I+, EERE
=1y =240, (2.1.58)

(2.1.56) REFRN, E—IREMETZ, EMLTFAEER EMES, XFALFE, BN
ZER—TES.

BETX, ikRIMNBENGERIZESAAE S +5. HE (1.4.172) K5 (2.1.55) R,
RITEZ

Ch=co= —., (2.1.59)

AT T LR ERR A A« RGALT S, £ A MR

[(J%)(Hi [J%le} : [[%)exp(_ ;“’t)l—H
+( L )exp(+lwt) }

= [ e gomn(2)|
— cos? “’7’ MF S, . F (2. 1. 60a)
(2. 1. 60b)

|<S‘ i"(lyt() = 0;1) IZ':

=sin2‘“7’ WF S, —

REWGH BRENTIE « i, (HiF = FE MBS SBCERE . SRENER T EME X
ZIB S, —WARMBE. TR, IWIBRZHNERANNZIERE 1. E5KEHE
LR B L IEPEAEA
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MA (1.4.6) K, BATATLHE S, BIITHES B

5= (§)or(3)+ (3)ow(¥
(2.1.61)
= (%jcoswt f

W BRER E RS, HAFRIHENOF N EEAMTEEZEZRL &, ES5RIMNVEEAR
(2.1.47) XE—FW. Xt S, f1S. MMM BRIERH

(8,) ::(%;)sinwt (2. 1. 62a)
F
(S.y =o. (2. 1. 62b)
Y LXK E B oy T LS. AEE 3 ERITSESBESN, RITE#—£1FR
B JiE it 3h.

HIedtsh O L™ aiE. FL L, EHAEHRHEMEREREFH¥IARWTE.
Blgn, Xt FRLORF, BWMFRFHL e FE, AHEWE (2.1.49) KWERTUES
ok, ek THMKR TR, BNTREIRREL g¢=2. (L8.2%) KA, XEETFYH
BHEGMMEERS THY FREN - TH/MIBHTEN RS, HEATHREZESN ¢
—2 WK EE - SRR IS,

XHEN—NMLRBETEEL5%EM. 53 %F G. W. Bennett et al. , Phys. Rev. D 73 (2006)
072003, p FHEEAB— DM ITH “MHER" o, FHRNY =28, ENEEES
ENsBREY L. Bk, tef#Hs Wl EZENE ¢—2, BRTIEEER
HRMFEE. B2 1 BRTERRMMUBN—E2NAMM « FARES. I ET
g—2ME, KENTER 22—, 5HEEHESSEHE Y.

10F

£149.2ns —H T H4H

0 2040 60 30 100
FHATRES 100us

B21 pFAEHSMMW (A G W.Bennett et al. , Phys. Rev.D 73 (2006)
072003]. 4 100ps HEEHE FATR—DMEEE. Bl o 2%, F5 0K/ R/,
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T iR S

HETYAMYHEWR, FBEREMTHEF ¥ 5108 — D% AL H 2 h K
ZHEBTFRGOAREUN.

T FRERANHEM AR RER/DOEARF, EfWEELBEF/NEL. CHENER
RAEAU=FAFEE “sk” BB, REXENITERESZERFHRMNRESE T, XFHHA
“B” TR EMMMHEEERRIRN. ETUSEFHEER, ek, BHAUS 4
FAEAER, i8R v,. FELE, BATERR 6 L 1E A B w2 10 & 09 AR 1E 7S,

A—HHE,. RATEE (FXL L, RECELMEMITNMN) FTFEHF BNy — M EE
M, EXHMELATENMNNEEARESX N THREAWHAHE LA, X& “HREAMES” &
AAMEEE, M E,, LI, 25058 FRE m Mom,, FHIv) v Fx. “BRAE
iER” X “HEAMES” BdHETESA I REWINT RHAMN L IETHR

v, = cos@|v,) — sinf|vy) (2.1.63a)

[v,) = sin@|y,) + cosf|v.) (2.1.63b)
BKRER WMRREANT, W) ) HaH5v) Ml MR, AW, RITER
WA AR X R, M, ST EMEEN o BHRAFERIINECRE, HRER -1
Rt B R ARRBENEHSE.

PR FIRGEATARMBESGAMNAR. BERINNE =0 ARET —FEKSPHT
(tbtnlv,)) MBIBARES. Z/ERE (2.1.632) X, AMARARENAESSEHUR
FEFEEA, ER=ET —MEXTOME072E. mMEREXE BB/, WET N EWESR
Ja. XM EREEEER. FLE, EdMEFENEMLERBO T, AN AR
B, HEABKE TREE, MREKSTRSMA.

R (2.1.63) X5 (2.1.28) KURRIMWETN4BE, RB—FERPHETFE
BRI ERE RN (WAERKBHIE2.4). EXHELT, WEGERXEEHRT
R, BRERMNFEDO—K. PHFEEIEFE/D, FUEEMERNERZXET
EfHEEEMANEN. RHEERFAEMT, M —AHENE p. TEI m BWPHTF
R EE R A fE{E
2p*

B, BTEWMBERNMNAFS ) Bk, REEENWHE O Z R ZEIR LU
lv) (MARv)) HHOBEFRMA A, RITAHR

PGy, = v,) = 1 — sin*20sin’ (Amzc'

E =[p’ct +mtct ] %pc(l‘i‘ ) (2.1.64)

L
4Ehc). (2.1.65)

Hp am'=mi—mi, L= BHFHFHRITES, i E=pc BH/DHPHTFREER.
(2.1.65) RFFBEMRGEHHLRIABELRMET. SUE2.2. KA

150km FIFE B MK B T— RN RN TEF. IR H L35 RN 0 o) 3 KW AT

AR L. MR RTEERMIEZE, BRI AT 75 BRI 85 R HE A E .
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| o ¥#E-BG-Geo v,
| — & T HKamLANDFE K2 B4 H KR EE

N

b
>
—T

+

tEERE
£

.

S A I PR B

a sl xa xa b oo J 1 1
20 30 40 S0 60 70 80 90 100
Ly/Ey, (km/MeV)

B2.2 HEHELEMMNBAPHR TR (BHA S. Abe et al. , Phys. Rev. Lezt. 100 (2008)
221803]. YEN L/E BMEMRFHIEA T AEMF I TFRESRMESZ BT,

XERIEMERMNBAMEEXR

AU A ENZI S E RO RERBKRERX—T. BE-TYHRSEE =0
RZMISERA ) E. BRETEZER | a,t0=052), AW e E LB H1ERS
e, RIMNXOEMENZ t ZSAERS =0 HZNSHERNBELEE, Hik, ®AIMAE
—ATEA R B 2 B P AN A R Z A AR

Ct)= (ala,t, = 0;t)
= (a| U0 ),
EHBRARBERE. COMBEAEE T ARNZEZERE “HURE” W—MEEHNE.

ER— M RImE BT, ZEE—-DEEFEROEL, EMWBEWEER ) & HHWAE
AR HIEATA

(2.1.66)

Ct) = (a'|d vto = 031) = exp(‘_’;;“’j, (2.1.67)

AN REBRIRIEAEEREFNNZAE 1 —X T —1ES, XHAFE. EBELZHP
BT, MBARBEERN () &M, Q. 1L.3DKXFR, Ri1A
* 7 - .E“” "
CU%=(Z%¢W|)[%};ﬂp( ; qm>]

— Z |y lzexp(ﬂ l::“'t )
HTRINMNEXSGLZEAARFRMIRG AT EALTCRA, SFTFEYHOKRN ¢ E, BrEs
AHIRFUMA . ATHCEIRBM (=0 BTE 1 FF 4R BE & i a1k /.

AT HEEEMMEE (2.1.68) X, IERIMNBEXNSAHKRUTLLEER ML E WAL
REMNEBEEAMELARWNEN, UERMTUEENANELH/E LB RO —HEESE. T
] LA 2 R AR AR B R A

§:~+Jaﬁp<E>, co = g(E) . (2.1.69)

ExE

“d

(2.1.68)
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H o EYRREBAMESHEE. RERRA (2.1.68) LW

C(t) = JdE|g(E)lzp(E)exp(_;lEt). (2.1.70)

F MRS — b 5 1
JdEIg(E)IZp(E) =1L (2.1.7D)

EEELMYBERT, |gE)I'p(EYAIREEHE —1LL E=E, AL, SEN AE ByiE.
(2.1.70) BiL

C) = exp(_

;E“’)fdmg(m|2p(E>exp['7i(Eh_E")t].
RIMNED, BEE K, BIEIE-E, |/NB5 w/e T, 7 0GR IR Z S EH B 2L
MREFEIE—E, |=s/t HABEIRL | g(E) |*p(E)MTEE AE F18 %, A TR HE
B, EXEBARANCO K. XERE\EHAEFGHASSE T 1 OFFEREH T X

Y55E .

(2.1.72)

~ B
1= 15 (2.1.73)

REXANFTREHITBEAHELBENBMSKREN, EXTHERRAFLREA E LK.
EREZEELWARESEES, MHLETIS, +) WEEREKRNY 1/o=h/(E. —E_)
ZEFHRECRSRG, X—HMN (2.1.60) KT EFF.

BZ, fEANEEENER, —MOERENTSHREREN &/AE B — B [E] [H b
ZE, AERFENRBER. EXET, -G EF R EHA T o E - T8 E R
e

AtAE =~ k. (2.1.74)

R, XARE-EEARHEERXRRS 1.4 TS H B A A4 2 89 o] P & (8 59 A 6 € E
XEFEHEEFEAFMART. 7EH S5 &, RMHEEB (2. 1.74) KLIE S B A B8 A1
KEK.

2.2 BERSLEEWERELSS

AEHHF

EL—WEIEBEERSHROEEELER, BINSIATHEERAKES, XMHE
FHANERTERABERER. AIEA MR T NENAKXER, AL RN E
MARSH RN ERE, XE_MTERIBRALR. EIHEX A7k E X5 69 4H
WA, RATEFAEN L ER M — L — B EaER.

ERTH¥T., AEEFAERATHESARBBHN. EEHH, RIIFIAT (1.5
—MHELEMERNER. ER—FHRMAXROCHE, —IPRFPHELRNME L&
HbRRHOEARBKR., RIVBE.: YRNERI-AFRANELRESH, SHXAH
BALUE, REERAFRNERET, o BRIRBOBERBAAFN. HE, RITIA
LRERETEAERNBEANKEESR, 1.6 THEBEFM 2.1 YRR REEALER. R



60 ARETFAF (B 28

(NE:]
la) = Ula), (2.2.1)
Hep U TURFE) HEUC.). B U |a) B —DEFREZ T F 585 6 6] 15 1k 04 4 18
REMNSHK.
HEMRECME, ERERERMAETHRT, —IMEERM—1TETHRKOHNBRRF
AN

(Blay = (BIU'U |ad> = (Bla>. (2.2.2)
A Ak s s 4 LEm S A RMAZWBEFX -3, RATUHES BIXle STEil.
Bl X|a) = (BIUD » X » (Ula)) = BIU' XU |a). (2.2.3)
FATIEAE A — A~ eh T 7L 00 55 & 20 B HE A0 3B 5 187 80 A B HE I
CRIUN « X « (Ula)) = (8] + (U'XU) *|ad. (2.2.4)
TEXMERTP A 2HENEG? XNRFEAERE LK ETRAOBR T,
FiE 1
la) > Ula), MEFALE. (2.2.5a)
k2
X—=>U'XU.MEBHERE. (2.2.5b)

LMY P RIBATIATSER, RMRE T ¥, oEEAESE XZTREY,
R X SR SCPr LR AR x FI L &, EfHE28 20 g, Hik, &
IIEm, WRBAVRE T 2 £, SRAYETE ZHNK RSB T EELEE.

REE-NHRANG FAIEEHL. RIORBES MEFBERIAX). 1.6 THHE
ROEXRETHE 1M, §ux) REBSH KT AR ERR.

la) — (1—%)(1),

X — X. (2.2.6)
MIZ T, WRERITE 2, K155
la)—>lad,
- (1 Lip: clx')x(l _ip- dx')

h h
(2.2.7

=x+ [hij[p e dx’,x]
= x +dx’.
RIMBEBRZEEN—IES, IEFRXFER FEI x WEHEENSREMRLY .
(x) = {x) +<dx"). (2.2.8)

BERARNERBLEPHSEHEXNTRNE

BLAERATE B0 B EACBE U, 20). BI— T RN FEET A K MTREA EE L. &
EWRERMNERITE L, YENATHEEANFRAEEERST. WH, RAITWLATLUER
Tk 2, HER AT ERE AR PRV g 1B 48 R,

FEEEBRFT. EWMAT—WiEHE, NN TEMN -, p, MS. Fa RN EREFA
RERtE 2 fe, TSR RMEEEREZEL. MEZT, EERAELFS, XA T 0T Wl &8
BMEEESE; SARMEZE, TR ERS, 7 HRAFLEHE. vEaRl, 7
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ERMERESUC.) T IF, AU, HEXH

WUtrty = 0) = UG) = exp(_ ;H’). (2.2.9)
FHEHFE2M (2.2.5b) RMBE R, ZIEXNEFRHALEHN WM E R
AN () = UHAD UG, (2.2.10)

Hf bbr HFS Al RAEHRAMEEH. E£=08, BRELFHRTANE SEER
22 N N A AT I A E

A (0) =AY, (2.2.1D
=0/, ANMLRNESARUHES; EMEN  HH, BHRALKESHREEEE
=0 if AT Ak B R 7S

lasty = 0560y =|asty = 07, (2.2.12)
5EEX. XE5REBLENTHERERE KK RE.
‘aoi(n =0;t>5:u([)|agl(,20>. (2.2.13)

ERANLEPHFE (A BARAEMERM
slasto= 03t| A |asty, = 03805 = Casty = O|UTA® U la,rty, = O)

(2.2.14)
=plato = 05t | A (D) |avty = 03t) .
BHRMEEZhHE

RINAEHESFEFALETHRABHFTE. BEADARSEE, FEEXBHY
SR IER XN, BB ELE (2.2.10) R

(H) +
dAT _ W p s o U
dt dt It
=—;1’;u*H‘uu*A‘s> u+%‘uwﬂ’ YU H U (2.2.15)

— I.ih[A‘”’ AUH U],
EPRMART (W 2.1.25 K]

U . i
B ihH U, (2.2.16a)
AU 1,
T U H. (2.2.16b)
HMTEVN HEEESZLETPIIAN, BRINTESETIIKE (2.2.100 XKEX
H® =UWHY (2.2.17)
Aat, 7 (2.2.9) RAEHHOUM—EENAT, uS5 HHABX 5 ERER
UHU=H, (2.2.18)
FEI (2.2.15) RE®K
dA(H) . L CERy
= ih[A YH]. (2.2.19)

EEEN. XM HFERANERAEHAR. FE, B2 RIAS T 6t 6 8 E T
PR AT E XK.

¥ (2.2.19) REAMBEERANEREHTBEBELKERA RN, EL2uYEFd, *t
F—AMRBEREAE g 71 p BIEE A, RITA (Goldstein 2002,396~397 T1)
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§%§:= [AH]ua. (2.2.20)

EATH —REBINK AR FERAEN 1.6.47) SFBTEFHAFPHERTE. WL, I
£k (2.2.19) ARBEMKNEE R, I H XML X A7 BN EHRAE
R, R, EREENREAEATRERLMEL, (2.2.19) ABEAELH. B
., ERRALFET, BERERER

ds(H)
dt

BRI BIE#S), BEXNTHTEEAEMSHBEITNY, AN S. RalfEHE K
Hq FMp BJRE. SHERBFKP AN (1.6.47) X, BARMBERATATGSIE, X T
BAZHXBYIRLR, FHRMASHTETUEBIIE (ansatz, —Fp £ 5 1 i K E
ATk, —&FEE

=:é{sﬂ”,H]. (2.2.21)

MHRKE T HETREBE. ZBRAOFTUNRFHEESLE, RIAKHRIT .
HEKFRIZCHEISE (Ehrenfest) EIE

AEBRMNEEHESLJEREBRMALRTIE, I TREGHESDHE, ROL
ACENE, MMHESENMENERERN. M T-IME2RXLMNYERESL, RITBRE
IWETEEMEAYERNOREREARENENX, RINRBZREHM « M p, RZ UM
NMAETFHERAFA. RAX B, BRIOTUESABERTER L ERNEHAY
B, FYHh TIEXNS TR E A7 B at, RITTRFER H RIEKM KR

B B, RITHEEMTER 2p E‘Jﬁ?j}%%ttgﬁi%(:ijpx). LETTIE K Y B R G
HIEMEMALLE, RIREHFURFGEEFOEH. BRNTZXEHER, EZH53
— M EEEER S LR B E W E A k.

LR AT, BELTEBORETE 2, (Hp) o, Rp WREMXHXERE. X
b, FIE—sAXREM:

, o
[ Fp] = ik 57 (2.2.232)
F
[pi G(x)] =—ik 3(’, (2. 2. 23b)
X

He, FFMGAHATHL, M p, BB RLE. BLEENA (1.6.50e) RATUMRE
S IE B X AN A K.
RERNEBEBRAZIFEAT-ITRAEIn WAHRBET. BEHERZM ¥ T
K .
H=P _ (P tpitpl) (2.2.24)

2m 2m

 ERHBH, RITAB/BTINF: HERLR-BEALR 28 N TRAEREN B EELBRIEHREHN
KF, 2H-BHRALR-HEEHELE. W Finkelstein (1973), 68~70 FTH 109 K.
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e g ERAsR IR SMERST, RE

HATREF T MME p M2, E
KATERE T b5 (HD. BR p S1EM p, BIeREEX 5, BrLARATA

dpi - l[P,yH] = O.

dt

THBETF, IREHFR-AZHEL, EEKRE, EEMARZ p (DS
HE A" SR EWEX 5,

(2.2.25

FREMF—
p,(OHFE., BEMNEZRMAZsh R (2.2.19) ATHBFH.
AR EHER. HK,
dr;
PTE _[I H] = h 2m ap (Z]p,)

(2.2.26)
b _ p,(O),

m nm

HPHRMAMAT 2.2.230) KX, TEEINKEGH

28) = 2. () + (” (0)) (2.2.27)
TEHOFEELAZHNZHHEFEBHEMY. EENREFE, REEHSHZARNE
[£,(0),x,(0)] = 0, (2.2.28)
AT RFIRZIE) o BB S XERAE. FHE,
[2,() 2, (0)] = [1’"(—0)’,1,(0)]: f#"’ (2.2.29)
EATEEXER (1.4.53) KRMATFXANMN5F, W5
R (2.2.30)

A AL )P g = ypucl

HAh, XNKRBRENFER FROMEE (=0 B EHRBEN, ©HAEFEE R LS
R BAHE, XA E A LOES BT 3N S5 A ok T B £ Rl A (R 3 14T SR A8

HATIHAEIE ML H VOO B MBIRATATIR B9 B kL7 05 F U o .

H= ;n (2.2.31)
XEM V) SEMY ., vy Mz FANERK. XREFH (2.2.23b) K&E1BF
dp, _ 1 —
= ih[p,-,V(x)] = (2.2.32)
B—HE, BRINBEREN . 5FHEME V) TXt 5,
dr, _ p:
=L (2.2.33)
T3 8R B, 5E.. ?ﬁﬂ‘]ifuﬁ—rkﬂﬁ]?&ﬁ{ﬁiz‘yﬁﬁﬁﬁ?ﬁ&i
dizi _ 1
di ik dt ] zh[ ]
(2.2.34)
1dp,
T om odt ]
EiZRXF (2.2.32) REEGHE—E, RIMNBEFBIAXEREAXH
mi]—zyx =—VV(x). (2.2.35)

EREMFFEE _EROEFAEAR. ERMENBEZESNERASH R EXEKX
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HBURRE, EA1H2

d? oy _dp)
m a0 = F (VV(x)). (2.2.36)

ZRBRABRERITIEER, P REREFENEFRE, M 1927 EFHEDNFER
BERHXNMAR, HEXNEHEEEXMBFEERN, CHEAESREEHRBHRALE
BRBEEBERLL, BREXWNM SR THAHFERMERMN. MHLZT, NYRITEERF
R (2.2.35) R x Ml p BEEBRALRWERE, ZXA4BEE M.

BMNFEEHAE 2.2.36) Kb, s ZL2HEKRT. B, —PMEAFLE-IZE VX
Xz BN FIREZ A TFET.

A X KT 08

Z o, AT F R AR R R AT (AL, — N8 B A IR R B A A
KR, MIAMARXAEEESLRPHREZNN, MTEBRAELETHEBEN. EM
BRMNAABEEBEK, FHHFENE BEZLETXOSARNTNERARK
Th.

LY, BTEATHNENRIEGREEAERLGR, RNMABEFLTLHRS
&) s, X F T AR T

Ald') =d'ld") (2.2.37)
Me, MENRBSEHAEELER? EREHSTT, ARBRE, AU, #la, fERZ
FIEFBE=0RZNMHBINELER, DIARFLL. EEERR—H, GHEE
LRPELRAE.

EERALES, BNMEOURTLEARE T, 7630 B R AT T 5 AL B -2 245X
it [] 46 O i B AF

AP (1) = UAW) U, (2.2.38)
. HENER - =0 ZIBEM 2.2.37) KX, RITERH
WA UU ") =a" U Ia", (2.2.39)
EEKRENF AP —NERIEETRE.
' AP WU a")) =a" U |a")). (2.2.40)

WRBATH S BFF AT WM EMAREGREEELGROUWS, BoaEBRALED (U

oy} BARFAEREAR. HMERRBNES, Al .0 BRNEBHRALJENEAREIELET
RiE5h:

la’ sy = U [a" b (2.2.41)

HTFRU MARUBHE (2.2.41) X, IUEHEBLENSELRHEEL, FE

HMERALFNEGRIEHER T M. FHE, 00 HE “BRFSHETE
H”

ih-g;\a’,t>u " (2.2.42)

ETFARMEEAT, BAMNMN (2.2.40) KATUFR, BEINAHEMERZ. X5 1.5 Witid
HMLEEMMMNEBENEHEE BN, CEFE, ETESHALBENEARASRAR,
AT () BB
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AN (= D |a Wna yid ot
= > Ulada’ @ U (2.2.43)

— u#A(S) u.
KR —VIREZLARMN,. REERAEAKER 2.1.4D) A&k,
BMNED, AT EREHEARNRFRBERN LR TR N

e (1) = ']+ (Ulast, = 00) (BEEIBLRF) (2. 2. 442)
L RS Efik
e () = ' |W +larty = O EFHRALT) (2. 2. 44b)
REX 52;_6

KT LUE R B, RERNBIESE R J7 w5k BIEEL RIE 4 ), &
EREGEARZAKXAMAZBRMFALN. XEEZBERFLWENTERELZENELXR,
FEHIR, BRE (X[e) MUEER () RENMNEXRELARSEHNEER (BHEF
28 MR, AR () ZHINUNEATARSEENSAER (BHRHALFE BAR
£ 2.4 %, FATK TR B ek A BT B A G M. AR, FATH T HF LB E R B
.

AT#—HIERARD 2 FZEEFENE, RINTREKIRIE, EHE26 TEFHERE
MEM. BEE =0NHEIEN N YERELEATRNE A B—MEIES L, HAMEE
Fa'. ERWEEEANRZ  BRATTLAR . FEARMEER O AT WINE B AMES ERBIZR
HOBMERIRE, MATEMRIRE, 247 XEKNASB A URMHER A LERF
M. EREBL2FET. (HAMBERBUC S, MEAKIS M) ANHEA E
fe. Wik, BT YR IE A

'] Ula’)). (2.2.45)
EER Hfix

HZHML, EFRALRPSAREBEALN. XHER, ERANZERERER
a'yo BRE, BERRTEEMK. FILEREHREE -

o'W - la"). (2.2.46)
A% Bh%
BR, (2.2.45) K5 (2.2.46) XKZMFH. EM1ETLLE K
B U0 [a"y. (2.2.47)

MFERE L EJF, XHREAE ) B MEREIRIE.
ATHERE—F, itBATCE—TEERLRESERALRZENX . * 2.1 5

TiX— S84

®21 HTRARSBRALRMME

BEELE BHRALE
BhHE EBHIK: (2.1.5). (2.1.27) &
ALE | ME BEIM: (2.2.10), (2.2.19)
HHK [ 5E 1Y REEEZAY . (2.2.41). (2.2.42)
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2.3 fEiEHRF

fiERFEETHAEPREENFAEAZ — EMURETETHZENAFSERHETHN
Tk, MHEBRAEFZLAME. AR L, EAEPRERRT - AR T oRIER ., Hi
ERMEND TRABIZSHOZ AR, WH, FAREHEEAR LR ENLHEE
BT, TUBEE TSR FIFZSRENEZ N L.

BEBAITAXMEBAIEE
FREAKN RN RIEESTEFBITE, EETHBEML4Y (N Wiener) B H# T4E,
SRHEFHER FRREEAMARMERAEHE. EANBEHE R
H=2 +’”‘“I (2.3.1)

2m

Hib o RABIERTHOMAME, LMY (Hooke) ERESRERLIHXRREN 0=
Ve/m. B flp BRERIEARMN. ITEHMIERE XN EEXRER

— [me ip to [mef(,_ 1P
a= |5 [I—f— w); a P (x mcu)’ (2.3.2)

MIM?‘%'JW%JTEI%H?‘FHFEEH, HEHAASMSIEN. FMHAENXMZXER, RITRE
VA

[awa'] = (%)(—i[uf’p]—i—i[p,.r]) = 1. (2.3.3)
BRATEE LT R FHEFRF

ERRRTEKK. W HHEIEH

- )

N = d'a. (2.3.4)
H_ 1

£ (e
hw 2’

TR, RINEBANFHREFSBEMENZAN—TEEXR.:
thw(NJr%j. (2.3.6)

HAHABRTEN W —MERERE, TUNSHA DR AL. RATH N OAEHE
n MMEENEERAIES, TRA

(2.3.3)

Nln = nln. (2.3.7)
MERIKIER » —E 2 —1TEREHR. BA 2.3.6) X, KiTEH
H\n>=(n+%)hw|n>, (2.3.8)
EEKEREAIEENY
E, = (n+%)hw. (2.3.9)

HTHMGa, o« FINBHYHEEL, RIELEER
[N,a] =[d'aral = a'[aral+[a'sala =—a, (2.3.10)
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Hreb, ROTAA T (2.3.3) K. FFEH, RITTLLFH

[N.a'] =d". (2.3.1D
ERGR, RITA
Na'ln) = ((Nya']+a"N)[n) = (n+ Da' | ) (2.3.12a)
Gl
Nal|n) = ([N.a]+aN)|n) = (n—1Da|n) (2.3.12b)

XEXRXERE " 1) (aln)) HENMREEM B 1 HAMELGR. HAa3m 8
) THEFEE GERK) —NETFRNUMER o, FTEL, o'(0) BRIBEIZLEH (2
REH) 2 +oHE%40.

HR (2.3.12b) BEEF aln) Hln—1 HR, ELEZ—-IHEEHET. RITicH

aln) =c¢ln—1), (2.3.13)
Hec RESER I fln—1 HAHE-MEBEFBEN - TRESTHR. 5%, 287
(nlataln) =]cl®. (2.3.14)
BEHFEER o'« REMEFRERS, RINEBBTRE (2.3.14) WLH, WA
n=/|cl|?. (2.3.15)
RHEBAE, W AMELEHE, BRINEFHR
aln) =nln—1. (2.3.16)
TR 55 25 o) iy ik W
a'lny = Vn+1ln+ 1. (2.3.17)

BERNFEMTERETF EHT 2.3.16) XHBTH
alny= V/nn—1)|n—2),
@ lndy= Vnln—10(n—2) |n—3), (2.3.18)

BATTUAB R FRERWRIEA R, HAMME » BR8N, XTI RE, X2EE
YMN—NEBE » FREHHRBHF. AMIATRESAEE, MRKRIMA—-TEBE » LK,
XNFIHEALTE, EHESFH—0 » FEEOARELK. K. BITEAGXN Falw
A IEEHEEOR

n={(n|N|n) = Unld") * a|n)) =0, (2.3.19)
EEKEBATRAA! T, RITBUEL. XNFHINLHADET =0, il 2 T
AR VREDIE ik 3 @

T MERANTREERT, TLLERFIOESHE
1

E, = S ho. (2.3.20)
FRATMETT U HSMIT=4EET S ERERESI0 L. MAH 2.3.17) K. FK1TkE
[1>=da'|0),

|2)= (;—;_jll) = [(‘j/;_)z}[m.

a' (a')?
'”:(ﬁm”:[yﬂ}m’
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|n)= [(%}m. (2.3.21)
AXFFE, BRI S S N H WIFEAES, HeEEAIEERN
E, = (n—i—%)hw (7 = 0:1 52355 (2.3.22)
M (2.3.16) F1 (2.3.17) RLUUAKF {|n)} BIERHENR, RIKREBERKT
(' lalny =Vnd,imrs 'la’ |y = V/n+18/.1. (2.3.23)

FI R S 25 R LU R
h

S (ata), p=i /’”;“’<—a+a*). (2.3.24)

TAVESF LB 2 # p WIEFTT.

x =

(' |x|n)y = /%(«/7;8,,',,,_1 + 4+ 16,0 (2.3.25a)
w
tr | play = i ’"2‘“’(—&6,,.,,_1 WU gy S (2.3.25b)

HE, ARMFAG N ERD, c Mp BARMNAK., XHRTER, HARB e Mo —
B, xfMp5NAKXS.
XRHEFFEATUATFRAUESENERERE. iLRIMBEXH

al0) =0 (2. 3.26)
HREESHE, ExBRPEILH
(x'|al0) = ’g—;"<x’|(1+n%)|o> = 0. (2.3.27)
R (1.7.17) X, BATTLUIE L RXFRESHERE (100 BEN—MEYFTE.
(I’ + 22 %)u’!m =0, (2.3.28)
HAPRINSIAT
= |-, (2.3.29)
mw
CRETERTHKENRE. RIEFZ (2.3.28) XF—1LBBHR
T e S C1(2'Y
2’0y = (ﬂ, : JJL_—“)exp[ 5 (l) ] (2.3.30)
FATAR LA T EREE A SR RIERE

7 ’ 1 ’ 4 ’
('Y= A(g"|a"|0) = (E](l —ré%j(x- [0,

PO 40 5 DRI (0 SR I A0 S Y AP ” S L
(' |2)= ( ,—2](1 | (a™?]0y = [ ,——Z!J[ F—ZI.,) (I x; d.r') (x'|0),
(2.3.3D)

Hoid A K

(' |ny = [ﬁn][r}ﬁ)(z_uﬁ]exp[—%(})z] (2.3.32)
HE M p GRS ENBIHERATDYN. Bk, EE3



2% EBFHAF 69

i = (—h-)(az—i-a”—l-a*a +aa®). (2.3.33)
2mw
MBATE 2 AR ERN, (2.3.33) RPAARE WA IETHFTE
ok _ b
@) =g == (2. 3.34)
Bk
(p?) = h’g‘”. (2.3.35)

P ULA8 . 3hAE AN BE B3 R B 0 0

<£a:§?=%?ﬁ@%;3:§%=%¥, (2.3.36)
XIERER (viria) FEHETHAMIBEE. M (2.3.252) KM (2.3.250) REH:
(x) = (p) = 0, (2.3.37)
BN FRESHRL. BHRINAE
(Aob = () = S qap = (ph = e, (2.3.38)
mERNMEBNAHEFE LR UR/NDAHEERR
((AIV>UAPV>==%u (2.3.39)

MEXBHRE. XHATE, BARSHEREEARNPR. MILZT, BERSFHEE
B FRARTE R — ik,

(AT ((AP)?) =:(n+—%J'#, (2.3. 40)
X—AEETLUIRESIEH.
1% R F & B A R 4L

e, RIECBEITLIBRFSAHERIEEN « M p FrTWNE A EIEA, RIS
ZHMH—VIBEBREEE BN, Wini=0, WL; MBHF ., p. a Mo MEEELE
EERLEMNEN (EFANZ) HERE =ONMWERALENER. EXTETHH
. RMNENEBFALESRTE, EERE 2. p, « Mo HEREHHEEN, BREA
BEHBHER 7 (1), %%,

B (2.2.32) KA (2.2.33) REBH p flr WEHRABHHERN

dp __ mw’x (2.3.41a)
dt
0
dz _. B, (2.3.41b)
dt m

X—WBEM T BREN T« M HENFEANLTHEEMS TR, B
da _ [mw(p . Y_ .
T g(m lculj— iwa (2. 3.42a)

)
%ﬁ— = iwa', (2.3.42b)
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BT R

alt) = a(0exp(—iwt) Ml a'(1) = a"(0expliwt). (2.3.43)
BESTH R, IEMATLBEIREE, XEXRXNEERRAT, NFEEEERHELFE, NFMH
WEEM AR XA, FUHT « Mp. HATTLHE (2.3.43) XKBH

x(t) + 1/‘)(!) = x(0)exp(— iwt) +i[p(0) ]exp(— iwt),
nw muw
(1) — L (0yexplint) — i[/’(O) Jexptiwe). (2.3.44)
maw maow
SHAMERMRIEKRIB A& AHEE, ZITFH
(1) = r(0)coswt + [‘;(lg)]sinwz (2. 3. 45a)
F
p(t) =— mwx (0)sinwt + p(0)coswt. (2. 3.45b)

FrLE, EErFSgmaaiBg—f. ROEFD, - Mp BEFRUENSRNOMHEUE
—# PR3,

HTENBEFTE, RINMNAAEALAB D —FTEES (2.3.452) KWHES. REKRME
HFEEsh R, BOZ=LKM

(L) = exp(i:—)z (O)exp( ;Ht). (2.3.46)
H, ROBIA—NEFHHHAR
exp(iGA)Aexp(—iGA) = A+ iA[G,A]+ (12—;\")[(1[(:./\:]]

. +( )[(,[(, [Gyo[GrAT]To+ ]+ (2.3.47)

Ho, GR—IMEXER, A 22— 1L BIMNEXNFIBEHNNE-F|R £ K (Baker-
Hausdorff) SIEMIEHBAE—NTE. REAMAT (2.3.46) X, BATKRE

exp( I: )1 (O)exp( ;Ht) (2.3.48)

= 2(0) + ( )[H,r(o)] +(

)[H [H,2(0)]]+ -

2142
HAEEMEA
[H.x(0)] = w (2.3. 492)
Fn
LH,p(0)] = ikmw*x(0). (2.3.49b)
TREIHE—E T LIRS c HEREIL R p. TE,
exp(ilz—[)x'(O)exp(_ ;H’ J= 2(0) + [—p(—O)]t — (2—1!)120,21(0)
[ ,j——&Jr (2.3.50)
3 m

= 7(0)coswt + [Ij)(n?)) ]sinwl ,

TS (2.3.45a) —.
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M (2.3.452) F (2.3.45b) KX, ATRESBEFEAMBHE R () M (p) BRU
R o PR3N, AR, XMENEAITHN. BEM—1THBEN  RiCHEREAMES, H
HNEF (O p(OfF n A +1, Hlin) Mint) BEXH., HHFE i) K
T X -SEETARMNBEHEABINGER (SRE 2.1 7). -0 W& xt—
NMESFROVEEARK MR ESE. ENMNIQRSHERF MRS, RINLHTE
—FHEW

la) = ¢, |0) +c, | 1), (2.3.51)
XHEMERATESHENE. +(OXT (2.3.51) ROPHEEBTRS, X—HLETL
TRZ 5 iE 9.

EMNELFH, —THREAMESHITAHFAREBIET, B« Mp BRSO FFED
. ABEnAIEAEEZ K. BB EATLRE . RITEEAEHE- T RELAESHEMNS,
RER AR Z MR TR s h¥ES I, RIMNBE - XHENES, EXREHR
BIERAKRE. SGREW, H—MEFEARMEE A WIEEREXKER o BAREHET#E

ald) = 2a|a), (2.3.52)
EXHAATFENHRHELELAHER, XITHTEFFEZHMOATEHER.
1. BB ERANER (I N) HERESEmE

[A) = Zf(n)lm. (2.3.53)
| FCn) |23 n B9 437 2 K F A FE I ErR 1AM B4 AR
| f|? = (g%)exp(—-ﬁ). (2.3.54)

[FEERM e B, BEH 2 BIAM /AP, () =e "u"/n)]

2. EVLLAL IR FESFREENARERF.

3. ETEFTA KT E1 R B/ E B RAX K.

M R. #3714 (R. Glauber) FOIMHTEMNREMREZEFTHFELHN ., RITK i
HEEEMAERERTX—FEMMWIE 2. 197,

2.4 BEERIAE

i} ) 48 < RY TR oR L

BMNBAAEHRFEEBER, HEEE 2 RE P a0 BIBTHEEL. BAFUH, AT
B4 %5 R A 5T i eR B
G(x" ) = (X' |asty ;) (2.4.1)
e A EHE BB AT, K la ) REBEEELEDHZ -8 HK, @ x'[E—1
At fE] C XM ATEE R X LB ARME AR, B EBEF N

2
H=2 +vwo. (2.4.2)
2m

» XY EMN A, %% W Sargent. Scully 1 Lamb (1974) Ll K Loudon (2000)., #FESEAF 7.6 TXKE
XFREEEMITIS.
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M V) B—NEXBERF. ExRERNE
X'V X)) =VEHe K —x"), (2.4.3)

EXTEXEERRESMN, HPVEOHR X —1TLER. EEABHE—&%, RITEH
B 2% ) I B —ANEEEXEN V0 — M EEEHET 2B KHE, Kb
(2.4.3) RWEBLHA v Do, HRE; —NEN p-A+Ap WEHBMHXHEER, Kdm
ARHEINETHRER, %

RAERMERECISHEHXES TR BEExRREGESAERNBEER TR
(2.1.27);

ih%<x'|a,z(,;t> = (x'|Hlasto3t), (2.4.4)

HPRMAB TEREES2 RPN ERMEAR TN WAL EL. FA 1.7.200 K,
RATATAESIEEXT (2. 4. 4) XA AHITTERE B

<Xl ‘sz;’l ayt();t> = (;_I;IJV,Z<X/|a't();t>. (2- 4;5)
EF V&, BRIMEFAA
. X' Vx) = ' | V&, (2.4.6)
HPF VEOARHFR—NER. EMENX—VUIEaE—&, BIHEL
2
ih%(lea,t(. ;t> —_ (h_')vlz<xllaytu ;l> —I—V(Xl)<x’ |avf() ;t>v (2- 4‘- 7)
dt 2m
RITMAHEMREZ AN EBREMAXES TR, BE5E
. (7 /7 hz ! ’ ' F 4
zh71</z(x st) =— (mjvng(x s +VxDHx ). (2.4.8)

FEREHITR (2.4.8) AWEM EEINBETHERNEINE. INMTRELLERE
FERTHFHR ML RA. AW, ERMNOBERS, ERELHRGHETRT N
(2.4.2) KAy, 7 > BPHEEHNSHRNEETITE.

Rt 18] JC % R 3h 77 72

KOV RERAAE REOH 2 00T R, 75 2. 1 WHRATIEN T %E 25 i i (] 4 8
KEM exp(—iE /R G, XERNTBEBILEE BB RIS R

(x'|a"stg3t) = <x/\a’>exp[_ l::",t), (2.4.9

RIS Y, WMENEH S ZESELT A B H WILFAMES, EAMFMES R
E.. BfEILEFRIIE 2. 4.9) KR AMEMENESETRE (2.4.7). ZERIFA
—[gﬁvamw+wfnfm6=5w{mm (2.4.10)
XE-NEERAMEN E, WEEBARIERE (x'd) IHERNRMS TR, Eht, B
AT, BMEHEEMNRG x M p WEBALEK, BB (2.4.2) X, BEALER
XHEHAES HX ST WME A, FARMETUE A ERREES H A5 —38. A0
BxMpias., Bk, RIMNTUAFERS «, THHEMHIT (2.4.10) XEREERBAE K
Boup (X)) R BRI TR
hz

—(ﬁjv’%(x’)+v<x’>u£(x’> = Fu:(x"). (2.4.1D)
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XEREHEE SN EEXEH TR — RREMNEATLENE —RT, XEXELTEH
REL120FLEFEERA, CEETHINFWEM. ER—-RXER, WX EEFH
(2.4.1D) XS T AR FHREIE.

HTRM (2.4.1D KX, BAEEM—LH A FZME. BEXRMNIKEH

E<EWVQU, (2.4.12)
PR (2.4.1D) KXo, HPZAREXGEEM AR | x| >off 7. 7EXFAFLT
oA EENDRENR
up(x’) >0 %4 |x'|—> oo, (2.4.13)
ML, XERERN FHRAXEEAE— AR E XA, RIS 7RIS
HIGE, TER RSN (2.4.13) RAYETF, (2.4.11) REX EHM4 L ESEETE LR
EXMEX L, REILXEHEEIEFRE (2.4.11) FPAETREGETL. —B5H TR
WA AR (2.4.10) K, WERFEHILY RSG50 18] &8 515 K % ik 3h 19 5% S5 49 R 4F 43
HEHER. EXFHAELT, RAOTEZKMBEFYE D (E ) 3.

TEX B Yf— & B F 72 5 77 1 (8 48 A BB AMNE IE R AR, IR B o O 2 B0 P ORE R BT AR A0
AAEAE o) Bt 7] AR FAERE 5 ik b3, X FLAE L -+ HERERRE L HE
T. M, BYEERNMBER, SFRECYNH - RBER, FHEA RMEFFmst
/R O(H. WeyD). SR, MEREN%T 1925 FHEAR, FRAHELYHEERIEFERA
ARES T RBIESEHNRRE. EBFOAMERMEXELXRZEANA, EEEMIL T
A% R, (FRABERMHCERR, XK AZH REr@ENEHRA. HEMY
BTHENENE. MR, SBETCERRENNFNEEERER T¥E hEZEBAWSE
AR (X—SRMNHELETR) MERT BN F-ERR. —BEsihEAALE
HRZE, FEAN, BEEESEARAN, BIEH TEI HESEREIEZ RS0,

HAVEE, ABWiEEEA RS AT EXBEF RO —LZ0. {5y
AR N EHEBEATFENMR BN EL; NYSRBEET -1 HTRam—4
BEH - AR, F%; NYRLBSHESHOMNBTXRENFENETREHR ——A BT
BRLF . — D HHBEPRR T, BigRT. SEFEE,; SN YAREERTEREMER
AMFEAFLEREMR, EW (1) BRERSLIELRESERBET (2.4.12) XRF
BWHRE, UKk (2) —HMOBEEAERHEEEZMELREZRWHEREKBETFE-VKEH £
IER .

rEEBH, RINZEERAOFBEXLELEVENCEEFE. Kb —LRE (Faom, i
RFS5EFEF) BROAEITS, HEEARKEFEKFRBLIANZOE - LHNEFKFE
E. REELRE, MR BHEESRT — Ll Ei% M EAR

BAYMBER

MBI S E RO WIEME. £ 175, RIVFRT ¢ POMEMBE, X
RETIE X'laues) BER|aa ;) AMLERIELAR (X)) RIFMAEK. EHiL, &
ox' ) =g D |2 =1 (x"|astes0)|? (2.4.14)

» BEEEEE 241D KXW XEF I REWFEY Quantisierung als Eigenwert problem (3 0% XK Quantiza-
tion as an Eigenvalue Problem . WX XK (FR— N KRAEE NGB FILY — 3 FHD.
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EXHE ox' ), HESNFTHUANMEBTE. BAEME, HROEH-NEUSH
BIAFE x BHE — N /NEBT P MR TR, 2R - EEERVEERSR
o(x' 1) d' 2 B,

EARFTRTHE S, BACERMFERHI, RIOA xBR X FH B E 5 E A
KT, U EEES RSB

_%+Vq:o, (2.4.15)

He oo O RATE—HER T ¢ |2, W iLOREMER, B TRAH
j(x¢)=?—(%%J[¢*V¢——(V¢*)¢]
N (2.4.16)
::(;;)hn(¢*V¢x
MV HLEYE (MEFVHEXRE ERMNRKEGLAERNEEREEEH. M,
— AR R MR R DR TR R, XHENNHREEHEER N T, EIREAS
Bk 8 R T AR T .
RN EEETBMRE j SahEHEX. st TFaeafom ki, Bt
M (2.4.16) KXFKAIKE

Jfﬂ@d%:wx, (2.4.17)

Hrf (p), RBhBAFTTE « B 2B FFE.

TR (2.4.15) IEABERENFEPREEETE, EMRREE-ITR, TRKX
R AR S I B RO AE. BRI BERE SRR RN R ¢ [P BEN SLERY) B
B, EE e g "B EMmEENAN MRBITRA T XML, KBRS
TR R LA R AL R.

g RN —MBRE NS REFX TR, BEFe— B TREEREL T AN
B R F R B — A R X G R, H#ET T KR, FEf T4 TR
Ab, XRESS AN REANGE R —MRAERERNESRT. Blg EARERE
JBE BB 1 T B S AR S R B R R Y.

T BRI R B M L, B AL

P(x,t) = «/p(x,t)exp[iS(%t)]. (2.4.18)

Hoh SHEMIHp>0, XMT x M WEM—IMERBEETUXAE. o WEXEL45H
T. SHYBEEXNENAR? TEEE

¢Vwa@wﬁw{%}w, (2.4.19)
AT ER SR [W(2.4.16) ]
j=2% (2. 4. 20)

RITAEFRBN XN P RBEA I ¢ PRI EREEESHRE, ML S HWHEEEST 1
WMABEENFR. AN (24,200 XA, BeRBARALY E R RS T HRANREDE, M
(AR AR RIZY , MR BR . FERE R x 4b § 8977 1A BT LU AR SR A T Y A AR L T Y R 4R
FEF7 S BT B P B (B EAMERED MFT
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d(x41) o exp(igé—z—-égz), (2.4.21)
Hh pREFEBEFOAMEHE. MANERREEARDN, BA
VS = p. (2. 4.22)
Bk, FABRMEBREIEVS/m BERRER “HE”,

" .._VS
vV — —,

m

(2.4.23)
mHAEESEE TR (2.4.15) B
-%+v4¢w>=m (2. 4. 24)

et EREs IR R, RIVEBRRBEZEARKMETFE L jRER o R
RS —fE AR, HRALE S 5 Y R R 56 8 98 & 03K A 0 1 B2 D 2.

LR R

RIMMAMEITCE HFHEBBE. Bk, RIMNEER (2.4.18) KA o RLAE]
B RIAH G B R AIB L. KA
_ (K
(Zm)
X [V‘\/(—ML (%)(VJE) « (VS) — (%)@IVSIZ + (;_.)\/P_VBS]WL\/EV (2.4.25)
| e i ds
‘”{7}9*(?)57,]'
FEW—VIEERERAN. HELRMNBE, AEREX L, T R BB —N/NE. XFE
BB EEXRELAAL., HERMNLEREX —&, HELERIBE
VS| K| VS|?, (2.4.26)

%, BRERINTLE (2.4.25) XPIREAREE & 89T1, B2 4 S R8I LMW
M.

L vsx, 012 +vixo +
2m

EMNBINZAERRRE T 1836 FEHMAM N ¥ PR METWR-H AL (Hamilton-Jacobi)
AR, HP SCGORBREB LR, FHl, £ MERT., 2RI ZEEATERES
B NEPHAFET. ROTA-AXTRBRLACLO LR ER. & RUMEMLSE TRE
WERE. RE R AHAI—N/NE.

RELEKNEBEE AN A ENERBIER exp(—iEt/RBES. X R BT ] 48 ¢ & a7
RXFRFLTRE, X TRA-NMIERETENERRSE, HETRE ERBEETH
B

3%#220 (2.4.27)

S(x,1) = W(x) —Et, (2. 4. 28)

HP W) RAMBISMESRE (Goldstein 2002,440~444 T1). PHERAI#ERE, S HH

et mm AR, BRERESNCEPHEMEESHME — KT ER. S8 %H -l
LR shEh T4

P:y = VS =VW, (2.4.29)
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ESTEEMNCHIA VS/m HHELRFEER BN, ERMTEP, BERERNTHEK
PIgk, BRULVE RS R, FATE S % S8 I8 B 3 B K B 19 U7 ) g AT LAGE B X R BGE. kT I
PERBILADEE P —&ots, R NBERIERN VS BETHERS & XM, EX
AEX L, JLFDEEX BB, B R & 8 2 % Bl 2.

HERE, AMBOFRBFH, AKX MG T+ Uit 22 8o 7t o0 53
Bt TR ML E T R AE R NEREAOMAGL. HR =t ite =14
o — YR T RS A RSB EW. oAb, b TERANFEENLIGA (2.4.18) KK
TER BB A BN & 78T UL 42 A9 9 28 2 b sl B0 A 3.

2.5 EBEREDFENERME

IR RN AR V), B—F (2.4.11) AMWHEAMNELANEEEREEEXHBE
AR, fExX—Y, BATERERT —%FF, EfilEB T 4RYHEE, HEH/SEEXTE 4
PURHILE A .

“HBEHAT

V) =0MBEARAEEZEN. XERMNEA=HEBR T RS RILALRE EEE
BARNG. RLRTOEEEIT - EERASRNLAERNSE. 78 (2.4.1D K
G0
__2mE

Viug(x) = ? up(Xx). (2.5.1)
—MNRE Kk, ff
— B k=22 ;’2, (2.5.2)

gt R, p=hak. FIRIBER “LRSE” BEAR, MR (2.5.1) TUREHK
fk. H

up(x) = u, (Du, (Yu.(2), €2:5:3)
AR
u{‘j{“+kl]+[ld“’+kﬁ]+ 1du+k]—0 (2.5.4)
XS =AM TR v (w) =ce™, HPw=z, y, z. HEEXN Tk E, A
B BIAHF M EERE E.
X EREIF S -G E &, EINE2
up (X) = ¢ 0™ TETRE = Celx, (2.5.5
H—¥H CERBBEHBRAEE, AT BFH o REH T —FORETLAIR. R,

HERZERT, EAERNRMHA—- “KEF” B, EREBNSRFEASTELRK R
L Wi k. BATER F LA R &4, WKkEG -1MAROE -85 C. 3t
bR TR, RIMTREETERELILA FRRAD L —>oBlH.

BB T &M u. (x+L) =u (), FTATHE k. L=27rn,, Hn E2EBH XM,

b= 2By o B =2 . k=B (2.5.6)
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T U3 — 1k 84 1 458 25
1 = J:dIJ.:dyJ:dzué (x)up(x) = L*|C|?, (2.5.7)
fEXFMEET . C=1/L"*Ti
up (X) = —_g™, (2.5.8)

At 2 A9 A E (5 2

2 2,2 12 2
E= me thl; %(%j (713 + ﬂi T 773)- 59

AR RSB ANER TN T (£n,,tn,,+n) BWAFMAE, BRZEPRERIFEA
EXELZ, HA, EXEFLT. FEE .2, Mo, WERAE. ENEES S HFRMG
E. #%b, £ LIEFRE LB HRIRT., ATESAKXKEN NBRRE, BE&AEE
B|E+dE Z[6. X4 “SEE” INLEMNEHAMAETFEIRHHTERE -1 EZWE.
w, WHSEF 5. 8 T AL RIS,

ATHESEE, REkZEPH—-PKRT, HERBHI (kI =2xInl/L, BEER
dlkl=2nrd In|/L. EXANKZTANFAWNSHEAGRE E=r"K/2m. EXIMRTHEN
¥H JN K 4zxn*dIn| . HiK

gV _ ———47"1261'“' ZAirm(I—'):“d‘lL
dE k' |kld|k|/m hZ 2 2
mYEEV L (2.5.10)
- ’\/?71‘2#3 ’

E—HAK “HL R, STEEBRSERUEDEAE wr Our OKBEER, EXHF
BT, BT L BEABHEET, HUHRR L@ AEEXT. X/ “KETF” H—
= THMRROERER. AXMH—HEE (2.4.2D KX, &ITH

d(x01) :#exp(""T"‘—f—’j, (2.5.11)
EXFERTRNMNER
o) =r—f‘1—1m<¢'v¢) :%%zw. (2.5.12)

Heip=1/L WHRBMEEE.
B iR F

E2.3VWHNMBRT V(o) =mo’ /2 R —NEZHIRG, EHHTREARIEME,

AAEEMBE L. X8, TINER AR T EKBXAN o 77
— zh:n szguE(.r) +%mwzx""u5(.r) = Fup(x). (2.5.13)

HATW T EHSIA LR 2R E, XBE—DTEF 2005 4 B AE In] 81 69 4b 38 o W 3 19 3 8
AR HEAR.

BE. ¥ 2.5.13) AA-TMTEEHNNAME y=x/2o BERTZHR, HF 2=
Vi/mew., BE# - TERNNERLTE c=2FE/ho. Wik, RINTFERBOMHDH B
2 1%
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A () + (e — yHuly) = 0. (2.5.14)
dy*

XF y>=too, BOMENTE; STNERBEARTH—-K, AMEREYHEN. o7&
w () —y'w(y) =0 Hff wly)Texp(+y*/2), F)fU?ﬁfﬂT SARERS. RiE, BEidE

uly) = h(y)e™'?, (2.5.15)
“THBR” R EETEIT R, HA, @1%& h ()T RS 2
d*h
& =0, (2.5.16)

BN Ik, ?ﬁfl‘]—ﬁﬁg?fﬁ%W»EW&?E’M%?ﬁﬁ{i. EERSHB LA AT UKD, HRY
ML R, AMIAESIFRAGOORE®, MERZR, XEX EHHPH, — AT H—
A RATRER. (FLE, EEABPRIMNN=ZELEREEERTFERTXHTE 20
3.7 Afl@#diEmMme—1 BIEGMBMER 2n, n=0, 1, 2, - WEHEEETH. K5,

FRBHMEZHRA A, () BHXMHE. KR, e—1=zn%m3f5=(n+%)hw, Bi& 11k

XE (2.3.22) R.
iIEHMTRA—FARBFTE. HEH “EREE g (2,0 BT
glaa) =" (2.5.17a)

= Y H, L, (2.5.17b)
n!

EXHR “JEXK (Hermite) ZWMA” H,(x). H,(x) WEEBHFEmMSW. Flw, H, ()
:l. ﬁﬁv [ﬂﬂ‘]

n=10

g(0.) = " = (_}) : (2.5.18)
n

n=0

BR, B o RER, WH (0 =0, RAXNMEBNESR  WEKRE. H—HmE, WRR
TFERBER », WA
2 — (n/2) _ ) |
g(0,) =" = Z ———((n};)' - Z} ((n};)' e (2.5.19)
FFLL H,(O)=(=1D"a) //2)!. FH, BH g(—z,ONRE  HHRBIHFTS, &
H,(—x)=(—1"H,(x).

EAOTTUBR g(a,t) KA, FEAEECNSENNBMEZEIAEREXRRBREEX
ZHMA., XM HEHHE, BAATUMNEREBOBEHIER (2.5.17a) ABMEHE KX
(2.5.17b) AR i, RELLEAF %BM*% Fan, mREMA (2.5.17a) XK
. W

8 — g () = S2H, (.r)—— S 20n+ DH, (2) — oo (2520
n=10 n=0

He, EREEZE, fkﬂ]ﬁi)\i’iﬁi@ﬁmﬁﬁmx. B—Hm. FAATLLHER
(2.5.17b) KB, EXMHELTH

(7g t"
= ZH () 5. (2.5.21)

e (2.5.200 K5 (2.5.21) KGAH
H' (x) = 2nH,_ (x). (2.5.22)
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LT REMNEZEXRZTXATHEBEEE

H,(x) =1
TE H (») =2, Eit H,(x) =2x
F& H.(x) =8, B H,(xr) =42'—2

T2 Hi(x) =2412—12.[7:<]lﬂf. H.(x) =82"—12x

ERHiE, xR A%UM&%%? BEINAH2EEHWERTFERX, TEER
PREL YT ¢ BT TT. tzu%?tﬂ]}yk (2.5.17a) XFFEE, W

r)g‘

dt

=—2tg (x,t) + 2xg (x 1)

:—ZZH (1)—+221H m— (2.5.23)

=—2Mﬁh)+2hHM—
BF . WREANTHA 2. 5. 17b>it W ATH

e ZnHu)——ZHHm (2.5.24)
(2.5.23) R 52, 5. 2) KA L B, AHEEXRER
H, () =2sH,(x) —2nH, (), (2.5.25)

BiEE5Q@.5. 2 ) HEE—R, 837
H (x)=2n*2n—1)H, ,(x)
= 2n[2zH ., (z) — H,(zx)] (2.5.26)
= 2xH',(x) — 2nH, (x).
B m) G, JEKZIA R Mo
H,(x) —2xH(x) + 2nH ,(x) = 0, (2.5.27)
Hep, n BAMERBEH. R, HAe—1=22, FUZRXEER (2.5.16) RKIERXMWEEE
BAREMAN. XML, FiERFOEAHEHATA D

u,(xr) =c,H, (I /mTwJe""‘“:z" (2.5.28)

ELE-NT—ALER .. XPNEEATUMNIERLEER
Ji_chffutr)P{m(lﬁe’ﬁ = 7' 22" 18, (2.5.29)
WE, ZRBESHHAEREEGEN. FEAZRENIE 2. 21,

ERERBEA LAY, EaB8ERMNMXEMERMNAER. LHE, REETRER
R AHWEERTENEXRLIMREABATUNE BB ES R fln, F3ENIE
3.22. BATERA MNBIIZETNFEZHE RN FEDHEER BTk — A gkEEmF .

5 Ak

WIFREE B R SE — N BA RSN LR B LS, B
Vix) = klx], (2.5.30)
Hep bk B—MEBWEMER. RE—THERE, INEE 2=« LB -NMEMEITA,
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EIE E=ka, X—S5HBE—NREN m HIZBRENKRFHEFANTSTEE.
P RE 1 T R A AR

R dlug

2m dx*

BEBARHE >0 WX RO BEEMELRRES K. BINZHFUTUXHEMEER

V(—0)=V(z), HWFEEMWERE, B u(—2) =tu (o). EEM—FELT, R

BEEE 2 oo, up(xr) BTE., Hu(—2) =—ue(x)y WEE 4:(0) =0. H—J

Wy, ZFus(—x) =7Fue(x), WEH 0 =0, BH uz(e) —us(—¢) =0, E£FE He>0

A, (EMBATEES 4 Fitiew, RIMNEXLBHRIVER “F” A “B” FK
B f#. )

+klxlug(x) = Eug(x). (2.5.3D)

0.5

Ai(z)
o

TNVAN
InTAY

-0.5| .

-10 0 10

z

2.3 VHERHK

EFEUYNKESHEENTE, RINBRALENTEEF> TESEH k. EXMHE
T, TENKERERN 2o==G"/mp)"* AXBNERTERN E;=kxo= WE/m)". &
X y=x/z, Ml e=E/E, FRATREHH (2.5.3D) XWE W

d*ug

dy?
HE, Yo=E/b— R EFH r=a i, y=e. FLE, EX—TNEFBHELE
2=2"(y—e), (2.5.32) BAERW

—2(y—&ur(y) =0 y=0. (2.5.32)

d*ug
dz?
XHMERELEFRE, EMBER 2.3 P EERE Ai(z). LEREEF-MEHNITH,
AAFBRENRERGN, MEEZEBENZBER, BT, 48, XEERNFAHRF
H U RE AT R, A 2=0 BEMFEITA.
FE, =0 0MaREHERAT A'(2) R AIGWES, FEIRE 2=—2"",
BAEY, TERPEHBFENHENTSAHE TEFHNEER. ATEH,
Ai'(z) =0 XtF z=—1.019, —3.249, — 4,820, (f@), (2.5.34)
Ai(z) =0 XtF z=—2.338, —4.088, —5.521,- (&) (2.5.35)
BN, FEAREEN E=(1.019/2V%) (K%K /m)'2.
KELNEFHEELAEUTFSELSHRARAFTARXR. AW, SREH (2.5.30) %
HHHBBEL LAEARRATRBEN SR ERSARASHIEHRELFEEL. EIRME

—z2up(z) =0 (2.5.33)
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BT, (2.5.30) KA » ER-RESTAIFHIER r FIRE. MERMHENER L BE
1GeV/fm =~ 1.6 X 10°N, (2.5.36)
WA, BN T— KL 16 Mg 5] 7.

B, AHRMA N EELHANE TR “HMBERER". AT (2.5.30) X
HEHRETTEERN 2 fb—DBRER m WERHBEE, Hie=mg. Kb g REATENN
REUMERE. MR, RE—RRT 220 %8, BAFLE—ITEFKWH L8R “#
B NBTHYMUAE, IEKRERARTFATFHROM (2.5.35).

o e e

T

0.01 7

N, s-!
b}

1x10-3 :;'..L-_--_?_

Ah, um

2.4 —AFBETPFAYSSE UM . BUA V. V. Nesvizhevsky et al. .« Phys, Rev. D 67
(2003) 102002. LR ER T M AFRIEIE. B BhRE o3 5.

HABKER A IT R AR LT LUK Wb I B B F 8B AE R —1. HETER
—MNEEIEE/IM B, EHEXEREIEM/R (Grenoble) B (Laue-Langevin) 35 /E-
BIZ 2B (ILL) THEM—INMH AP FHAIT. 3 m=1.68X10 "kg T, $HFEK
EMRER xo= (B/m’g)'*=7.40pm. — N PFREMEN “RIFEHE” £ (2.338/2"%)
xo=1l4pm, (4.088/2"")x,=24pm, (5.521/2"%)x,=32um H%. E{IEHELMB/ (H
FARERETLINE) M EGEZRM OFFK “EA P F. TRERWNAE 2.4 fix.
E A REMBM P FEREENRESENREY, ZRERATEIRXNEEN S T
. RIEGEZELAHR 1dpm, FEMWAUABER S F. F£AH 24pm FLH 32pm 4T
FEMORT, RFBUFETRFHENWE.

WKB ($£282) Sl

KB TERUERMBZG, 51#—FMFRN WKB 2% 6 1 2 U R 2R {E 15 16 55 8]
B, XFTERURE (G WentzeD . FH BT (A, Kramers) FIfEI (L. Brillouin) =
PMREFNAFREN”. IHERETFAAEKESEAERENRUEREHEZNX
B, XERNSRESBET SHEAOER, (B0 A% M $ 0 Ok E % W0 00
7.

= W V. V. Nesvizhevsky et al. . Phys, Rev. D 67 (2003) 102002, Fi V. V. Nesvizhevsky et al. + Eur. Phys. J.C
40 (2005) 4792005.
oo BUMETERSAARBBE (H. Jeffreys) FRE; f£F8R 0 PX—ML0AKE JWKB k.
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BOTHRR T —4, EEESWENTEE R

due L 2m g v(r)yup(x) = o. (2.5.37)
dr® ke
ENWMTH—%E
B(x) = [2'"<E vm)] i E> Viz) (2.5.38a)

Fn
1/2
k() =— ik (z) =—i i#f(vm—E)] ME<V(z), (2.5 38b)

FrLL (2.5.37) A,
d*ug
dz?
WA, HVORK o 8%, W eORERNEE, M ula)Cexp(Likr) HRE (2.5.39)
Ao, Hit, MERINEE V@O RE “S8H” B - 2k, IBHRIREZR0FR
= %

+ () Pug(x) = 0. (2.5.39)

up(x) = expliW () /k]. (2.5.40)
(AE H MEREX —HHEKRREITIS WKBIE 7MWY @R EEBER). EXME
MTF, (2.5.39) TR

L, d*W (dW ¢
ih —

TaT Z) + K [k(2)]? = 0, (2.5.41)

EXEEMTHEE IR, REEHEAER T —HEFLERAFROEX. BFREES
B BOTKZ EZOTBEMT &4 T rRE, B

|

(2.5.42)

dxt % ‘%’ :
XA RMAAERANT “FBEA” NH V() WESEREAT, FARIEE BB R4 8
W3R L.
W TR, BAMFEALKZMG (2.5.42) XKE5MAHHE (2.5.41) —BEH Wx) &
IRy fel, Hp
W o(x) =+ hk(x), (2.5.43)
BET¥
(%‘f—‘)z =t [E() P+ W (2)
=k [k(D) ] £ ik’ (), (2.5.44)
BH W) B—%ER, Hd 2.5.44) XPWE_THE—T/)NEL, Bt

W)~ W,(r) =+ hdeI,[kz(I,) + ik’ ()]

] (
hjd:k( >[1 s (1)
=+ hJ dr'k(:')%—%hln[k(:)]. (2.5.45)

WRE A WKBIEIH (2.5.40) RFXFF WO BM—RIEM (2.5.45) G, B
usCx) = expliW (x) /5] = [k(—;)]lﬁexp[i ,'f'-dx/k(zf)], (2.5.46)
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EE, XMEMEEEET ()XW EREE L(x) M (2.5.38a) AHM, E>V(r) K
B, ®#F, k() B (2.5.38b) M, E<V(r) XKH. LMEITSTHNBHEME
BEEXET—41T%.

Mx)

PRy
y
[y

nnnf

B25 HEEEHFTS o Mo BBV &, ERE u() THMNRER. EEEHI
S SE 2.3 A LUE.

BMAE A EEFE, BAEFSHPEHITET (Flan, Schiff 1968, 268
~276 B, 8 Merzbacher 1988, 7). fEXEHENR, ME 2.5 REMHAHHLWEGHITA
x Moo, BB, RIMMABRETRRMNIZE B A XHE—F TR, R EFUR
BR(2.5.46)R Ak, HPERB I HH £(2) B1(2.5.3800RAFE, FEXE 1M I HH
k(x) B (2.5.38b) NGB E. MEFTASHABE, B 2.5 FWELHA~, HXHE
REA Y, EARNMBEEX S XA B REHEE M. & IR R8T 8ok
2R

. 1 2
Ai(z) - ——= ”"exp(——zm) z —>+f 0o (2.5.47a)
24m 3
Ai(z)—*%lzrllcos('g—[zlsz—%) z —>— 0 (2.5.47b)
P

ATEFEIXMIIKX, (2.5.46) AP 69 IE G0 Lt 40 & o an F J7 s 840
Bk

(g e[ (3)]] ' vave=m]

1
&),
(2.5.48)
- {[?_VZ(—I)],,}COS[(%)J dr' VEE=VGT - 5], O
FEEHL, WX I B X 11 RATH
{m}exp [— (%jj dx’ /2m[V(Z) — E]]
: (2.5.49)

— {m}—cos[— (%)sz' V2m[E—V{(z)H) ]+ %]

LR, AEITBES A, TR MOERERMNLAGIAMFAKEL XERE

» LR EA-AMERLHRE, B, BEEFEMUT A, BREFRSARTRMN. BEIXMTRAX. HR
1Bk T X L 1y
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(2.5.48) XA (2.5.49) AT RZAFHENWFZELHNELHE - NEREN » [FE 2,
HR (2.5.49) XAPHNFSATRERHERM]. AXHENTERITRE—IEEEHBAHKB
&1

J“dx 2m[E — V() :(n—l—%)nh (n=10,1,2,3,%), (2.5.50)

T w%sj n BIERZI, XAFEREZAKIE (A Sommerfeld) I E /R i@
(W. Wilson) F 1915 FEHNIHEFEHNE TN
ggpdq = nh. (2.5.51)

Hr BEMHTHR A, MARKIEN &, FoRNEMBEHM—-EEREHKRG, N
x, FRE 2, RS BFHEGE.

R (2.5.50) AIRBEAAE-ITEHFHRETEHEIGEMERR. EX—1F
T, RMFBEE - BEXRT L HF ETRBKAER, AP REITiEEn “BREF T @k
%, Hp

v [P BTa20 (2.5.52)
o, XtF x> << 0.
Hp AERNBEEXRHEEMNSHRNEE. AMMKFLREBE (2.5.50) XPHE
A

L4 =0, 12:7%’ (2.5.53)

XA RRABN SRR A AW, RIEED, (2.5.500 XREEME WKB K &K
W BE” <o WXHRHE, MERMFEES, FERE 2<x, =0 1K™ H
. ARHEZIR R A BE W R T B R B

V(x) = mglx| (—oo<x<o0), (2.5.54)
RS AN
X =_£9 Ty — E [} (2. 5.55)
mg mg

Bt e YR8 i /Y (8] B B9 & F AR XEEMRIUEE =0 428 F. X T MEH
R, & FHRSHEE —ES5RAZYEIEMHEE. FREEFLEEZER

E/mg
J ds JERlE—my|z]] — (nﬁ‘f—%)n’fi (ng = 1,3,5,+)  (2.5.56)

—E/my

;5 ZHEM

E/mg
J “dz JTmCE —mpgz] — (n——l—jnh (n=1,2,3.4,-).  (2.5.57)

0 4
XA EER, TREMFXABERRG R FIRER, RITKE

E, — {[3("_%)”]2/3

2

(mgth®)'3, (2.5.58)
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R2.2 —ABERRMBFUESR, BEEA (mg'r’/2)"7

n WKB WimE
1 2.320 2.338
2 4.082 4.088
3 5.517 5.521
4 6.784 6. 787
5 7.942 7.944
6 9.021 ’ 9.023
7 10. 039 10. 040
8 11. 008 11. 009
9 11.935 11.936
10 12. 828 12. 829

FR22HETHI 10 MR WKBEUBRSH AL ERBENFT JEDEHMA. RN
BH., EEXNENMI o H, HFEBEMEYETFY, MAAE =108, L LR EFEHRAE.
EERZAT, WEHRIMTREIBI KM (2.5.42) XWFERE. B0 MNBETEERRERM,
ERRE WKBIEUMZMKRBZEEER., FEL L, ¥YROFAH (2.5.40) KA, BF(E]
HH % B oR A B
(1) < ug(xr)exp(—iEt/h) = exp(iW(x)/h — iEt/h). (2.5.59)
BEE (2.4.18) X (2.4.28) A, RITFR W (&) E X R T 05 % 1104 1E ok 5.
B, &M (2.5.42) SRXRFEHBHBATHOERME (2.4.26) BHFEK. A FXEFERA,
WKBIEIZRERHR “R28” FEHL.
BRIEFEED, &£ (2.5.42) XKEMTIF I ()| . FHERSBEEKERU
2r, ENEFBERT
B h 2[E—V(D)]
N JZ;D?ZTﬁ}Tj«: |dV/dx |
BMEZ, SUBREDERERAFRRFMEEEME, 1 LOR/E. Hgit, EFE2NE
KX B A REH. XM, RINFILLHEGRELE KR T REATFEM.

(2.5.60)

2.6 EETHNHEESBRER

BB NERREET

FE2. 1 WEMNB/ET, —BRMNEMBERE—N5 H X5 E WU EKAES
RIETF, BA I (6] 0 5 vy 2 150 B ) 5 5 58 P Bt () 95 1 () LR R AR 1. LR IR AT X A i
ERERNHA¥ES. RINTFHE

lastyst)= exp[ ZH([

o) ]la, ty?

(2.6.1)

= EZJ|G Ya' |aolo>exP[——l£L_££::liz].
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LR |, EITAE

X @ty 3ty = :ij(x/\al><al\a~10>exp[::l§;iéi::£1z]g (2.6.2)
EEFWTFHER
(X' 1) = }:f,<xu)u,(x’>exp[319§i§flilll], (2.6.3)
s “
us (x') = x'a" (2.6.4)
FRBME R o B A WAL RS, BEEE
(a'larty) = Jd“1f<a’\x’><x’\a.n,>, (2.6.5)
Bk, AR PR ERIF R EE RN
e (£) ::Jdﬂlfug<x’)¢<x’ﬁu). (2.6.6)

ERX—YI R YRR AR, BAE (2.6.2) XM (2.6.5) X—ELZATLUAM A
EMBRYBERER TRHI R b AT R

(X0 ::Jd317<<£31;x’¢“)¢<xﬂxn> (2.6.7)
X RGNS EF O, AW IR EETF, M XSG
KX 5% 410) = j{]<x”|a’><a’\x’>exp[i115¥i%511113]. (2.6.8)

FEAEAT B H Y (o) B AP A 3 T R T8 mi AR TRk kg, — HREEAERHME
A IEE S &, BT LR e ok

B, WREHM KX x40, HEIREAET ¢(x"v10) WIS 20 LT 3% R EH
BB, EXNEX L, BEENENNTERE 1T R2£0ARER. REAARFARL
Hah, ZREMBARGE RGBT EEL, SERLu T EAEMO AR R W
EMRT., MR, MBANE, 2N —KMNEN AN, KRRl #E
il B 77 3K 2 SR 8 A4 I AT 08 000 2 A A AE oR B B — A

R TFARMAMRESAEXREH. Hh, T >0, K& ax') WEM X Fe
AR, X M, BUEEE NGB SR R RS A . X— &AM (2.6.8) XFERMRY
B, HHR MaVexpl —iE, (t—t)/ k] YERGUC ) [a’> AHIT R 37 ok B, W62 I
. BT, '

%ﬁ«{m{mu:5%{—£m (2.6.9)

BRMEBRN., Mo B, BT (ld)) ME&H, 2.6.8) XMRMEFALN
Ix').

HMFPXBAER, X R EET 2.6.8) R, BE— I EBERNERZ ¢, #
BAEMT X WL T 2R M, =23 (2.6.8) XA LE R

K& yt5x ot0) =(xqexpr:£i%;;ﬁlpxw,

Horet RECBERFERLE XD LR R (<o) HZAESEHEN T X ARG BT 2
BAER, BFHEARMFRBEE NER. MBRAERBE DTN L RN RS, w8

(2.6.10)
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SHRBY R -NMARMTEXE, RIILFMORRAEEF KX 65 ,0) £
o(x'vt) s REELEE (B, ¥ x) RS, UXFMHFX, HIOTUERBREAELE
OB EFTTEMER. XFAFLSHEERM, WRENAEH DN H— N EE K8
i oD B Y, RAOTEERMBABEME, REHABRRFLSHRLESBHOMR, &
KRG

$(x) = Jd ol £ 0 (2.6.11)

[x —x'|”
PR BB E X —E B 2N, XAEE F 5t 2 6 8] 48 56 3% 3h 7 72 B0 48 K o
B, HE

[— (2 ]V’ +VX') — ik —]K(x X 0ty) =— kP (X — x )8t —1,)(2.6.12)

Hih R %R
KW' yt5x 3t) =0, SFF 1 <. (2.6.13)
(2.6.12) XMWENFEOEBSG—1,) BENTE t=1, B K B2 LR LE.
BT R NIE X YRR TR 72 RS, fERN—1BlF, BE—-1—
HEHMAF. HEE HXSMNTMUEBRSE; [p) BEFpEH NI HEERES:

plpy=p'1p"y Hlp) = (i—};)lp'). (2.6.14)

HEAMERBELRE 1.7 WHTHREK (L (1.7.32) K], EREFEEERX. #LEREWH
HEHE—R, RINA

K st5” oty) = (L)J.;po/exp[ip e ] (2.6.15)

2rh 2mh
WSS EIECRCE AT LT E RS, XBRIIMER.
no _ m im(x"—x')?
K" 52" 4t0) o ma—o ] (2.6.16)

Flan, XA FRR T L TFHF 5 — A 5 0 B 3 A 4 A e (] R 0 0 ] R
Xt TSR T, BERAIES B R LN

—iE.t 1 mew ' — mwx’®
u, (x)exp ” = 2 Sl pre exp oF

XH,.[ /";‘" )exp[—zw(rz+ )] (2.6.17)

Z# i FXSEH
" X _ mw imw
Rizadna’oto) = 27rihsin|:w(t—t(,)]exP[{Zhsin[w(t—t(,):]} (2.6.18)
X A" 4+ 2D cos[w(t — )] — 227"} 1.
iE B A —Fh 7 2 A A
1 — (& + 7 — 2690
[ﬂ_—)exp[ 1= ) (2.6.19)

= exp[— (& + 7 )]Z( jH (&H, (9,

=0

TR AR TR BE AP (Morse il Feshbach 1953, 786 1) 3R #. ©&u LAFH
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a, o' B (Saxon 1968, 144~145 ), ¥, NS —Fhik#%, AAMEHEER
RBEERTERE. EE, (2.6.18) XEBE—1T AR N EAMWERE, X5 o
REMBRFHE. W, XBEEKRE, —MHREEHENMNT 2 BB FE 2r/0 (4r/w, %
%) ZJEe e B HLIR [ B JFOR B

MK 5% 5t0) FH AR B RIRSRMAYAE SN, RAEREME, £ TER
1% t,=0. EAVAZERME—-PBHATTLUELS X'=xFH5t 22 mRASFED. RITE

G)= Jdl*x’K(x',t;x’,O)
— jditz-’2|<x’|a’>|2exp(_ ’hE“'t) (2. 6.20)

= ;exp[ ZhE“Zj.
XAEERETREEW. BB (2.6.100 X, BIIFERS X =xHRBALENTFTEx £
KX REA B KGE. AMRERARBE FREN; FAE () HEWTEESS,
EAREREEAEREN AN, EXMRH (2.6.200 XKWEFER. HERNFR
(2.6.20) KWK “XWERM”, EiLABRERKITAFFWESEE. FLLE, MERN
B EMTER, BB hHEEE, FAH

g= ;—t (2.6.21)
ENXRIELE B, BATAILIE (2.6.20) REEMREBHEEE.
Z = Y exp(—BE,). (2.6.22)

T X%, ?’ﬂﬁ?{ﬁ?‘jjiqﬂE‘J’r‘%%é?ﬁiﬁ?ﬂB"J%%&Iﬁﬂi%ﬁﬁ"#‘ﬂlﬂﬁﬁﬁﬂﬁﬂﬁ.
HWK, ikRNMFE GG WhrEhii-EEmntEk,

é(E)z—iJ diG () exp(iEt /%) /k
0

(2.6.23)
=— iJ) dt Zexp(— iE t/h)exp(GEt/h)/k,
XBAEHRBE—ERG . HERMATLGESEEF-N/MIERE.
E—E+ie (2.6.24)
FEXMRGEEXL. TR, BIERE « >0 B TRE
GEy =3 1. (2.6.25)

4 E—E,
HEED, TRNEERBRNGE) FEMETE EMARA. WRERNABNE
YIRS, REHR GE) WMITERREST.

& & F 1€ 0 BT IR 0E

RTERZ A EFHYEESL, RIOFELTH 2.2 15 A KK IR 08825
Rk, HEXEZ-T, HABENEREMMNELER X | 5BFINEEER a0 B
A, A UEERBERE “HR” B3INEBERALENMNELER X 5BRALET
BB EENSA KR art,) BN, R, ZEFHRIUEN
—iE, (t—1t,)
—

K(x”yl‘;x/y[(\): Z(X”|a,><a/|x’>exp[ %
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- Z}(x"]exp(_ ;Hljlalﬂa'|exp(1}i[”)|x'>
= (X" yt|X 410
Ko x' o) MIX 0 BEMABRALBEPUNEBERN IR EARM—NARELK.
E2.1FRINEAT, BRALBWHEES W otld), B—NREENE 1,=0 BT ZIB 5§ &
BIAMEEN A B—DARES, EMEHN HZERMEHE NG M B HRIES EHERIIE
BRRE, ROFE AN BIEI) WERTRE. BN 095k BN 7F 754 7] 45 5%
H——RAEZE —, BEEMN, RITTUHFIN o X0 H o BHEHER BRI
6 xR FHEMEN ¢ BFZI7E OB A BRI RIRIE. M YE, o X0 BRFMN
RS ) BA—Tesd .0 MRE, B, Rkt FXMERRRE
FEHERL, R, XIMBRBESRERERIN K& 6x ) MERTEE—
BHEWMTHS —FMER X)) B EWNRERHMERIGRBE B, 1x,0)
REBHRALED (, HAREEN X WUBRELAR. HAFEEMAERZ, — 0] Wil &
HIERMLRAMELGRE AT LEEEAGR, BOATLUE e Ix'00) BEBKERR R Z
PARKNERBE. B, EBHFALEP, HEELCEFLLXTHELETUEER
— ML EEH, BEE-AERH (X0 BEARSS—EHERXN (IX.0)) HEAK
BRREX. XiLRMNEESAYHE, —NERz TR EAEL, i x), #HEF
ERMESMMFENRAEMMIEN (BAHY) 2 (Goldstein 2002, 401~402 T1).
HRERW, FHAE IR AE S E MR ELRNESSBAE A, BRI
XLOIX ) R (X Ix ). BAATEEMAERZ, BHRALEPHNERKWRSE
BE, U, ERMNEMFTENBTHEA ISR

Jd“r”(x”,t")(x”.t"l =1 (2.6.27)

EAWESFEFRSEK. G, ZEN B O EEA; BdEsBREE 0 4
R (O RO FES, BRIMA

(X" 7 xS = Jd'"‘x"(x”’,t"'|x".t”)<x",t"lx'.t') 5

(2.6.26)

("> >. (2.6.28)
BN LEXAKRIRIBOEEE". BR, RINTLAEATEERERMNOELBSRIFLE
N FEIFE. EATAE

(xII// ,t”” I xI ,t/ > o Jd:{ J"”st J:I/<x/lfl ,t,/” | xII/ ,t’”) (xl/ ,t,,/ ’ x”,t”)
(2.6.29)

XAX X 'y, S>> 0.
%, MRRMUEMHFILXBFLTEFERE (EL5="+de 2D 8 XX
BT, BRATEE L X BB 6% 8 o TE 55 /N A R A AR 28 M M BR T IR 0R LA B BLF (2. 6.29) X
KERGEREK, REFMREEIEBORE .Ox,). XLRBEHEISHFRSAE 1948 4F
RERTERFHEN Tk HX, RINAERLEEHNEDE L.

» TEHERISP (2.6.28) ANAWELLERHFIELEE-B/RE L P KX (Chapman-Kolmogoroff) F#, MEY #HHEiL
TR AM S ERYTE (Smoluchowsky) F .



90 ARKETAF (B 2H)

BERS1E R B H KA
ARERERE, RIMMURT—4ME. WH, @EdFHEDN oy WFS, RBERE

R
N %

XEMEMERX. AXNMFSRMANFEN T IR FAIERZ R (x,0) BILTH
TR (xyoty) MEKREWRE. e 5oy ZEEEANEEBERS RN -1 MMEERERS

j_lj—l = At = ((t]:]___tll)). (2- 6- 30)

t
MRS E, &RIEE

<-1‘,’V ol N |I| v[|> :J‘dJ-N‘IJ'dIV_Z..'J'd‘rz(I‘V ol I.Z'_\'-l 91_\/—|> (2. 6_ 31)

X{xn-1 stn—) |1‘N~z vEn—2) (X2 stz |I| o1,
ATHEXHBEREERERE R, BINFE—-AZEFHE, WE 2.6 fix, MHEHMK
THRZAFHNERERN (x,6) M (xnoty). MFE—BEEB, ke, M, ZREB—
B, RITEBIELSHZEEMN (o,-10t-) Bl (x,,t,) BHERTRE, RERN 2025, -
o KBS, XEERBERMLFX XA 02 Vi A EEwm S A TS 2R

i —PHITZRE, EXRITFR-TESMRN¥PXEEREAHARBEAN. &
EAR—ANZBTHME VOFHO I HERANE T, 2ROPEAEEIEH

w2
Lﬁm(f,i>=:ﬁg—-—v1x) (2.6.32)
17 (xx, Iv)

Iv—y

(x1, 1) x
B26 7% ¥FHEMNER
BETIE (r,t) M (ry,ty) WHEBAHERE, E28 HEDPH AL EBTMEE

(Ilyll) ﬂ] (.Z‘Nolv) H':Jﬁ‘g?é. *E}i# ﬁ?ﬁ?—%"ﬁ"éﬁ%fiﬁﬁi?é’éﬁﬁ%ﬂ‘]iﬁﬁ@
B, 4%

V(I) = mgx, (1'1 yl|) - (h’0)9 (.I_\] 91_\,') = (0, 'Z—h)9 (2- 6. 33)
g
Hep h WK Pisa RIBEMEE, £ o PEHEHNESHBEZAERE
2
r=h—&. (2. 6.34)

EAL MR, HRMEGREE, XAE—-HNREEMSANAEYH BB EHSE LW
1 B B /IME Y BR A2
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6[’”51:1,2;,,4(1,]2) =0, (2.6.35)

1

FE AT LSRG S 4% B B A2 3 77 2.
B ARALRR

GRNEESRTHEZRMBEAEZHNAEN LEMT. ELB/N¥T, £ FEL
F—ABENBRESNTHREHRRAE R, MHKZT., & F %A MK
BEMATREHEFER, QERESZAREBREEMIERZ AWK E. AT, 7£ i~
0HMRIRT, RITLAREEBLUBNTIRXEHRLLBH%. HRITNALHAX —
A7

EAERFTBREN —ZFERIIRE, BERXRALEE —HE EIFIRTERHKE
B, JEULAMB Dirac B —BAAMBWKITFERE T, ARMNMICS, EHETTIRE

exp[iJ’Z M] XFERTF  xot|xyoty).

BREAEHEMIMEE. “WHET” 5 “FF” HF “ELT” B—EFG? XMH%ET
BMMEL T —METRE2RINET HAF R EH .

ERENHAAFRT, ZREMABEFEFEBZNEM. ATHREERL, RIT5#
—FHHICS

S(n,n—1) EJ dtL sw (x,2). (2.6.36)

t

1

MTF Lo B2 r Mz RE, REENET —RBEECHBRINBENREZE, 4k
Stran—1) BETR. Hit, REEXMESFREMREFAAE, ATHEGEETEX
NRSE, RITEEFE—FRERNERE. HEEZBRINEREERBENRE. RITE
EENEPEREXEFBREN—/INDELE, KWWMTE (r0-00t,-0) H (2,,1,) ZEH—EK.
BRKPIER M, ERBAVE expliSGiun—1D) /6] SX—/MNEBEERKX. HEXLKHE
HRENHERE, BIEXERRAMMKRARS 2

ﬁexp[W]I exp[(;—.)"i;S(n,n— 1)]= exp[iS(%]. (2.6.37)

n=

ﬁi’tx{&ﬁ%tﬂ (rnsty lxsn)s BB, XANTEERRNC Z B Rk EKE T
(xnoly 1-1'1911> B’gﬁﬁ ﬁﬂ]ﬂ:y)@iﬁf 1'291’3'"',IN-15E*R§}- 5%@57}0 ﬁ]ﬁﬁ%é'ﬁ,
ATk ¢, F2, ZEIHBTRIBIFRCA ST /. FREEMBE XL L, (xyoty o) BRER
AT LB R

iS(N,1)
P[]

n (2.6.38

(xastylzist)) ~ D) ex
A B

bR MR — M AT RS KRR A

EHEHERANARXRRZE, ERMNBE-THEXIREBNEEELBERBRTES
FEX. % r>0m, (2.6.38) NFHBMBIAIRGEIEFRIZL, FHiELok B L5 2 8 & F
HEAE A EMBEAME. XRER, R & RANER, EVTHEREN expliS/k] 5§
MM AR H expliS/h] AEEFEAROMAL. B, M s TLUFE—-/DNER, 4
REBHBEZATR. BE, A—TEZHNHIS.

RERN B IR KR, EWE
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(xw. t)

B27 HEAORBTHEERRL

0S(N,1) =0, (2.6.39
H S BAAL R i T e AR5 b ol [ 2 6 00 T B AR OB SO 8. S IE R ot Iy 9 WL SR 8 BT IR
MR, RITIEHRE (2.6.39) XM SRRA Spy. AERXFLLMBEREMB— /D
. BEIN S HERENHE —RIIRET Spo . XEKREFE & R, HERNOMHAREZ
HBRARAT, exp [iS/h] MM BMASLHBAKR. I ISR, RERMNEFEEZARK
PRI, MIARSRBRAZ Z M AU T AR ML A VT RE. 72 >0 MIRMRT, FEM T —E XA
AEZBBEN—FEFRENT T (NEEERENN—RET), WA 2.7 fin. #
FRAL LA BRI E, A (RS WEMNRAEE, HIE—~OWHRRT, £
HBRRPPkE T ok, AT ER M EAR RS NHEN, ERMER (2,0 [0
HA I 2 ¢, — 1, BB R T /D. BIIEH

o ] Bcaiths = [w(lAt) ]exp[is“’ — D ]

HAH Stnon— D5 ERE A0 MR TITE. &, BITEAT - IMTRER T 1/w(An),
e s RIRB TatRERE e, —,, MAKBT V)., AENSHATEESLEITER
H—1TEF, HBRMNEVERELGRE—METE, (x,.0 |zt DHEAF 1/(K
E) HEN. ’

RERMNE—TF (2.6.40) XFMHEH. RIMNWEFEITE Siun—1) & Ar—0 B
MR R, HCAEtEIEIRRant /N, ATLAE M EE (-0t M (x,,t,) BEBEHE
LR - ‘ ‘

(2.6.40)

§Tasm— = J di [mez —V@]

n—1

ST EAT Sk JEPR LR £ € fh F /D)
—At{(Z)[ At ] V( 2 )}

ER—A0F, BRITREZEARETHEL, BN V=0 HEFE (2.6.40) XER

(2.6.41)

vt |2ty = [ Jexp [T 2 )

HMNED, XEHAMERSHABETERTRINX (2.6.16) THHEHREL—H. MT
TR T, 352 AT A S BL A0 LR
RURREREMNERLE, 7 (2.6.400 XPHAKRNERF 1/wan) HRE KB

(2.6.42)
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FVo), BHBRIMBITUABHREFREE. RS, EoRENEL L, BHRALFT
PR BEARERRERT—H

st lzmistie ) | =, = 0 — 2010 (2.6.43)
®E3
1 _ m
w(At) AN 2rxikAr’ (2.6.44)
HPRMART
' im§*\ _ [2xik At
J~ d&exP(ZhAt)—' E— (2. 6. 45a)
F

. m imé&? _
brﬂ lzm,hA[exp(ZhAz)—é‘(é). (2.6.45b)

YR, XMER T UM A BT TRRK (2.6.16) A HUsHE 2.
BEEE¥. 5 A0 B, EAIEE

) i _ m iStiy,n—1)
(Torty | Ty stuy ) = /ZnihAtexp[ y ]. (2. 6. 46)

TEov—t ARMELT, RERIEBIOEERRKXA

m (N—1)/2
<‘r\‘"[_\'|-l‘|sf|>: llm( )

N-=x Zﬂlh At

N .
X [d e [droom e, Tl enp[ ES2 =121
n=2

Heb, 2y Ml REEMHFBMT N>R, @B EX—RFHEE (FXL L, LF
%) MOBET

(2.6.47)

ry — m (N=-1 QJ' J\ ...J
J.J.‘ i)[f(t)] = \llfn(ZT(IhA[j d.l"\;l d.l’,\ug C]Ig (2. 6. 48)
A (2.6.47) RE
(Tnsln|xi0t)) = JJV ﬁ[l-(t)]exp[ijlvdz Iw]
J'| ’I

XNMRBEXFRANBRERERY. CHENMFAAAENEERMOBELN LM (2.6.47) K
o R BT 1 3.

BAVKAE (2.6.49) XWERFAAEREL-FHESR. AR, i (HERS =K
T—RHETHREBSHNEFHEFERX, ERUKB AT BIMITERNSIVEN. KRIIN
FREFHEEAMBEANNAEN—LEHE. (D SMFEE (FES M % K2 T
FISRAD: (2) BRIFRBLAME: () 7E A0 RFRET A9 B XT 5.

RERMY TEAKFHEAREBNERSEARRNERMER, ENECSRHIERNES
ZEH—VIARATR. REXAZLENTHEESHEHFTE. RIETIEAREN (v,
ty loyst)) REXBEHRRLU 2y oty W ZEENECHENBMEXES VR, KWRA
(2.6.8) REXHIEEFRIMMIEE, RERX—T.

Ki1H

(2.6.49)
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(.Z'N s[,\[ll‘] 7t1>: J‘dI‘V_I (IN Woly |1‘,\171 1[.\14| >(1‘,\J—| ’[.\l—l lIl nf])

= j dx y-, o exp[("ﬂj(fv —xv )t VA
—s 2mih At 2h At h
X ATyt st Ty 980D (2.6.50)
i, HPRIMMBRET (v —tv BFEFH /D 5IA
§=axy — N (2.6.51)

B ay—=>x fley—>t+Ar, FATEEZ

m : imé VAt
2m'hArJ~ @exp (th
IEIM (2.6.45b) KB H WA, 7 Ar—>0 BB TF, Xt ﬁﬂﬁﬂ’ajﬁmm%ﬁ £~0 HY
Xk, HErTLLEEMFER RN ERRBIT (c—&t lx,ty). FTNEH At IREERIF (o,
+Al I.T|qt|> ﬂexp(—lVAt/h). 3:%

(1‘9[+A[|I|;f1> )< —E [111;[1) (2 6 52)

a
{xst|x)+t1) +AL 7{(1,1[;. o)

m ‘ imé _iVAar -
ZnihAIJ d&exp(ZhAt)(l Z —+ ) (2.6.53)

X [<I’t|~rl9tl>+(&- )‘a—<1 I|I| t|>+"'],

Jx?
HPERMNEET c&HEm, HAYXT RBRAFHERNFT. BTF (2.6.450) A, ERXEH
B (xot |zt TUEFSHDOGLTAEXT L. £ A — a&mﬂﬁl%ﬁ? ®, IG5

At%{(lﬁ”l‘lvil):( M )( Zn)(lﬁ:—nAz) 1 <J’t|1“[[>

2mik Ot 2 7 B

(2. 6.54)
— (%)A[V(Z‘y”l’l ,[1>,
HPRAIART
J_ deezexp(;’;’g)= m("i‘f’)w. (2.6.55)

EREME (2.6.452) X3t A RAFEHEBNH. HXH, ROFD (xotlxa) WREEE
V5 B ] 4 5K B 3 U7 R

. d _ h’
ih 7t<l”sl‘|.l‘nl‘1>— (Zm

MEEMNTLUBRLE L. REREWMEMEN (x.¢ lx,0) MEEREINFHHE
BT EAR.

RERETHRAERSONZ I EMN TLAEEMNIEE T AFRNLREBFARTTE. &
EXFRIERT, EUBMREAEXOBERSQREYBRBE . AR, 8L N
EMEALFERTA4LAWEN. BB HLRKNES FHEMNEREME — P HEEL
i, RIVABESI SO —FMENTEFRFAELALFIWER. XEBFRMNEME, 2
H5E 4] BB EE — A& 71 BE A0 T 328 2 2 o SO0 B R ) A8 R I A ) A 2.

AMNERETHER GO —L 7 EERRYEN MY, LM THBMET ¥

) 7 <I9t|119f1)+v<lv[|f|1t1> (2.6-56)

» FIHAEAR S 2. 34 oY 9 8 BB AU 07 v R MR 180 B 4R 1) AL I 3 R — AR
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b, BIERAAESRE. ABED, YRAHERM B3R -3 8 (Aharonov-Bohm) %L ™ B,
BT EEESFH R .

2.7 MIBMMBT

BEAME

LN EPRAF MM ENT SR ERAEMYIEE XN, 30 %728 B e E g4
£, W x(0) ML, MIETRIEANE V) ©& VO +V,, Hpm VvV, W20
et AR E R, AFEE _—ERPHAN I RKBETAEHBE. — DM ERBA
ERAXREN. ERFHE¥ED, BUHERZMF AR

ENKE-TZMNAARNECELRESHRMBEIENK. 2 la.0:) BV FE
M —IESEER, HEAan;) BEST

Vix) = V(x) +V,. (2.7.1)
MMM AELAR. B, iERIMNAE, VHREHFRE =, B, IBMEEES
—., MBEEMREERSENDEFRL, XETETE Y EFHGCLTH. F[Z—T,
¢ BRI B2 A 52 0] LA ot 4 B e s AL B AU ey ) VEFRAE ¢ BTZIMA LA K ERE, TER
1145 %

‘Q’ f(,f) exp[—z( +V(T)+V) ht”)]‘(1>
(2.7.2)

=exp[4——lv (—to ]l Wlost)

BAIER. VR T HENAR, HEEEKBXRNE - MEET expl —iVi ¢—1,)/8].
SHFES, XEWRE, WEHA VK BBEHBTEEKBXLRN expl—iEG¢—1,)/h], WA
V(x)+V, BN RKBERR expl —i(E+V,)(t—1,)/h]). BAFR, B VR
BV HAEKRETHIRE.
E—~E-+V,, (2.7.3)
X—A, IFEEDEMERSD. TUNEZAMNER, LPEEHE (0 M (S K
EEd, BREKBTREELZ (R 1.40]; AERMNEAVOLEEA VO +V,, &
MEHEMRFEMEZL KB X RO BERMFEE —HRN., —fkd, MEHRE LS
SEREF E—ANEFEEEF expl —iVoGe—1,) /h], AT LI B 9 37 15 {8 7T 68 1% A E 1
2 5.
BRELEXVHEEBEHEN, BXERMNBITHRZIANETHRAO L THRNE —
MEF. ERMNAEHHET SENTL
V(x) = V(x)+V, (2.7.4)
—EFHESGRN—121

IV(y ([

|a9tn;l>_”exp[ fo) :||avf(uf>y (2.7.5)

o X TR R B 00 25 0 B T R R DG BB Y i # AT UL #F () Feynman Ml Hibbs(1965) W% &, WA B F Zee (2010)
MLE.
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B, XNEABRE R KA IR

¢(x',t)—>exp[w]¢(x/,t). (2.7.6)

BTk, ®BINMNFE, V, EZEYSEENEZHE. RITRESZFEIS (2.7.5 KEpL
ayRER

lastyst) — exp[——iJ au’33%¥—3]|a,m;z>. (2.7.7)

o

wEE, AVO+V, REVKE) RAATEKRE, EEIBRAIRMNBEET - HRER
EF A
REBEENFEHERZEEN, B ZAFEVFENYEEL, MEFL LA
RAEFESIANE BT R, AEAX—S, EROTBEE 2.8 AN ME. —HWF
RAFHEREAFNES, BIBIHEA—NTEREF. WRRNEENE, WEFRR,
B EE—-NTFR, MAUERNETZERFE-IARMOMGHE. HEFH— DR FA]
URA—NEE, ERTHRETFRTNES. BERAEREHEARTURREMS 2,
MEAEHBEFEFZAREEE. BAEETRURZRSEBON, HNFEETHR L2
FTAMER. B, BFEEMEGFE. RELRIMTEIRDRAN T EUXE—MT R
HHAS, IHEENER 2.8 IR THRMARX. B THENFE. BIRETEEHSE
—AW (2.7.7) AFEHMAMENBRE. 4R, ETHXRRBERA T — ol Wil
THI, B
cos($, —¢,), sin($, —¢,), (2.7.8)

H FHK
1

b — %, = (7;)J:dt[Vg(t)——VG(z)l

$2. 7. 8) 2.8 ATHEMNUBENRTHETFY
Frl, REEL LR TFERERZIH, HFE—
AN, ERBT V. (O -V (ORBERE
b OE. XPMBNELETTFAFY, A0 MRRT, XMERYTHRMBEHKET,

B REI IR 5 28 T R
BFhFEFHEIAH

A—"E ANEEBRT| B HAERFHEPHLR. EHREZA, R
BHERTR—-TERNENBFNF_FZHSHMER. FE-DAEKNE HIIE D
.

mx =— mV®y, =— mgz. (2.7.10)
FREEFILIEE, LU, EAFESSEAIN, —FRAEE5-RALESINERTAH
HRE BT AT R —HBMAEE (Galileo) BIHR. MR, IR HAREMRAUEFEEMRE
WEESER. ATE- MR TE3ISNTRPARAEARE, EEANEDINEERA
g JLfT 3 e,

 EMBRETREATHEH BTN R ER-BWLRAEATXITE (Minkowsk) ¥31/5E K.
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ERTHEFHRLARRRE. Eis HERERXP, 2.7.100 XBRUAH

R P sy
[— (él—”jV“—i—m@.;m]gb: ih 7‘{‘4 (2.7.11)

FREAHMAHET, MEUAS v/m WEXBB. FFUE—-TF p R RED, B m
wahs. FHET

1 ., )
_ |/ m g (—mx‘ —mgz
(Kol | X ot = ZnihAlexPI:lf _]dl 2 , :|..

. h

(4, —t,-y, = At—0) (2.7.12)
B — MR RSB AREL., RIMBATUBFRIX—&. EXEEMNE—-KXEFH,
mWMERAEGm/EP. XHET

q[%u(ﬂgi——mgzjzzo. (2.7.13)
4

B A S 4 42 B 5 v T R B B R L, FETIR B A m — JF IR T AT 4,
MEEEISHTE (2.7.11) K&, RINATLUFBREFH N EH

5§;<x>==—-gi. (2.7.14)

R, EXBERAHH A, WAEH m. BFEHF AMEFEE T EB0. RITLHH
5 h BB, A, ROFHFEOERE LR, E520 20445 HHR
K.

1975 F A, —HBRAEHFENLREHBIE (2.7.11) XF m by, T FEE. A0]
Bk, EEMIE DM EERRFOBAREE, BREMREH TR 215 R 7% T
(2.7.10 . FERE A AHH —CRUMBEX AL, EE (V. Pound) 5HAEEH
MWELZN CFER” LR, WRAERFUBRNERS S, FAMTNET -5,
TEAR B A WA A & o B

EMRE £ 5l FMAES WM. 57T &7 WS RS A RS a5 4 pr
W REEME, ERNZBE DR TP FESNRGERNES. XERTFERERFE
FECHRBHERFHII A RY. EHRMER., aF5hFZEM5 NLBF5FEF
ZEMBELINT —A~2X10° R F. XBEW RABE/REET R A RS,

b’ %
W m, - Gym'm,’ (2.7.19
H Gy B4 I ER. WRRIMNBEEFRAXAN TR, SGRURHAXAT| HRERSE
B RER R ~10", H~10"HFE., EHREENFEHLEEAERILAHER.

EMNBETIR—NGIABENHRZASINESEFFSNAL. —RILFEAEREN
¥ F B PR EREM P F . BREFEANHS, REWE 2.9 FIRKILE—E. LK
LR A A REE T FRERMTH, BEPFTFHNOIMERZZROAE T AER
filax BT .08, B F AT RABE 6 L 76 Ak T 3 R AR T2 AR B A 2 R H /g &, FAiTwT
AR FHZ M BB E. ERITEMEKE A>B>D MBERA~C>D & F—ANKFE
F. BARTIINMEELXTT SR RAEME LS, WFEXADKFEE L EE TR
LENEAT IR V=0, HATEY, TLZKT] 2GR b X B &A% i8R
B FHEZEREB ACTERs — 10 fr. MERMEFA—8T. Xat. BD KFMAREL AC
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cpp WO mglsing, KRB S MR BD AR KB A S K
O CEEBEERT. X SRR D AT A 6 R R
TSP BT A A AL, S5 A
T 5 AB % CD MIEB 093] 1A S MG s, BR 4K
b T H K G 2 AT B AR A, AT RO AR B T i
l [ R 23 B A% ABD I3k D #0i HIRE T 22 i B 42

y - c ACD 3|35 D B3 & A B R L 22 1k

exp[* im,,gl;(sinS)T]

Ho T RGN B B D (A A B C) Fr AR EE,
Mo, BPFRE. RAOITLGESFEENE 2.9 B FEER XN HEAZE, 6 TR0 ZR n/
2, M OEH —x/2. MPFHERS BHEK x RARFTAMNE T, W /e, RITHBEM
2B RANA

] o (2.7.16)
2.9 HMIAESHRTFFHOLR

(migl,l,xsind)
95..\3[) — 95.\(‘11 = ﬂi]h;;

A A, RINWET —MIKE T /AE 6 Mol Wil 6 TR0 . Eik ABREE il
TE/R# (Michelson) ZEBIF ¥ (LA &40,

THEZ (2.7.17) XWH Ml IREN. EFEEsIIEFAER. RARKINX
O RERE BB, ShESARZMENFE:

P 4 onge =E. (2.7.18)
2m

BD 5 AC /K P Z Bl BE 22 I Bk E p 5 x MBU/hES. 1ERER, FE—ET X £
ARG ZETR R, RATBXDMES I ETTERERE (2.7.17) LG REIEY B —1 &

(2.7.17)

1200 .

1000

th

800

600 - y

1 1 1 1

1
=30 =20 -10 0 10 20 30
0

2.10 S5IhESMMMEHAE o MIKBIXZE. A R Colella, A.W. Overhauser, F1S.
A. Werner. Phys. Rev. Lett. 34 (1975) 1472.
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RIEXX (2.7.17) BB T R EMBEBEA K/, WARKK. ERFfEiE#HG
Fillid A" REMBREERMNEXA A RO, T A=1.42A (56 EF 2 [ H g
AlH) A =10em®, FAVEE] migli b4 /k* Hy 55. 6. BEE IR AT B - 1 & W 5 30 B 90°
B, AWM E THXAMRER DR —RIORKMR/DE, E& BRI YEF 55.6/
2r=9 WHkPH. MAFENR, XMV MHELE ERma T, WA 2. 10. ERA
BL#IHL (R. Colella), B3EZEE (A. Overhauser) K (S. A. Werner) 7E 1975 4F 9
LXK, KRASINWHBTE 1% EENBE SR TIEE.

F AR XADHN LR T ¥R, Llﬁ‘ii h—=0 B, FWALSUIEAT. IEMATH
ey, WRT IR AR E '"‘ﬂ%zﬂh XML AERIERFKE L3I A R4
JUTRg, ENEBAKRE T On/h)E.

REFPRRETR

BAEERMER @A H AP, RMNZIENFEELHIFERME RS, 4(x)
MAx), BHEABRG 5/,

E=—V¢$, B= VXA, (2.7.19)
— MM e (XWFRF <0 ZFEHBHIERAMAF, AESHYBEAEH B EHE RN
1 eA
H=— - (p—T) + 9. (2.7.20)

FERTHET WA RANEFORTOEE A x R HHpAA RS . ERE
(2.7.20) REFFEMNLE, BELNHERS R
(p—‘i‘)z»pf—(i_j(p-AJrA-p)+(§)'A'-’. (2.7.21)
ERHERT . WHTR DA RIEKN.
HTHF G —AZE B A T E0H R 6080 12 Ak TRAT B J6 16 15 2R 042 B P 48
fe. BNTATLUEHE IS x B 6] i

de, _ [x H] _ (pi—eA /O (2.7.22)
dt ik m

EBRABFTELNFEFBERTCHWER DS ndx/dt RE. pLEHRNEUNSHE, IRS
BZhE (BA¥) HENXH, FEA DIRC:
dx eA

O=m-—7—=p——. (2.7.23)
dt c
REXMNFENHZERNAE
Lpiop; ] =0, (2.7.24)
HEHENEUN G RXEZANE. Hik, KA
[H,.H,] = (i(ﬁ)e,’,/\.Bbv (2- 7. 25)
X—g, ZEVUMRESILH. TBREHFEXE R

s AR, XA EREEIRFX LB, SMEEAEE, WRIABEE Ongy) MEBPEEE Onpp) ASH
FooW Gn/k)? AR Z LA may ymmee /K2, RATOTIAESI R AL S + W K800 AT EX 5 mg g A mgn KA FEFK
) S AR IR T R S AD B
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H = 5;;%—e¢ (2.7.26)
HAHEAMS R, BITTLUSHETFHFRANIKLLE (Lorentz) F1, B
d x __dII __ dx dx
ney == [E+ (dxn me)] (2.7.27)

XREHRMALTF, Y EMBFER, #ERTKRE RIS H.
e, IR EA ¢ M AWBEEIZHEHTE. BRIMNWE—MEFERE X[ Flaty;
£y ZEF AN H, ME—FFEMLL/ANG AT &
<x'|[p eA(X)] lastyst)

= [in V'—(’A(C—X)]u’l[p‘w]la.t(,;l) (2.7.28)

=[—ih V’—‘Aifx”]-[—ih \'A £’A(X)]<x laytyst).

TEBREANE, ERE—TPHE—-AVEREN X'l M, €23 AKX HE.
ExX—UIHAERE, KITFE
L[—ih V’—ﬁ((xl]- [—ih v —eA((—?‘I)](x'Ia.tn;t)

2m

; (2.7.29)
+ep (X)X |artyst) = ik :71<x’1a.1..;1>
MEXNEREXRENBRES B EEHE B
—7B+v =0, (2.7.30)
Jdt
AR, BRURT—® o Zl¢ 1?7, X'arte;t) £ ¢, MAEREjRNAE
j= (%)Im(g&’ V) — (mc)A[sbi (2.7.31)
BIEEKITHMHR
V-V — (;—e)A (2.7.32)
C

PR, HLEEREE livoexp(iS/R) [ (2.4.18) K], HA1BHjw—IMBRE

., AP
j= (ﬁ)(vsJ’A), (2.7.33)
m C

EREQ2 420 LK. RITHEERR, IMEAENCES., BEE FHFRENEY
Fry. ATEEER, BRE Umbh, jROSERSMZESH¥EHE (MAREMSIE) B
UGREIE|

Jd:“zf’j — Q;,M — (I /m. (2.7.30)
MEZRNEHEBRHEEPRETRRABHMNET. Bk, £k
$>$+2, A—A, (2.7.35)

Hbmr BIEH., XHMEH, MBI T xM:. EMB _ELRMEBZFAT. X/
REREEEFRETANZTIh, EREARY B AT —FFTREM; RITRRTH
RETV. RINELTEITEARIITEMHMEL (R 7.5K], A, BIIAH
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Bk XA
EHENEETHR
$—>¢, A—>A-+VA, (2.7.36)
HAR xR, £ (2.7.36) XE®RT, BHEMHEMB ELAEMN. (2.7.35 RXH
(2.7.36) R#EE

¢»¢—%%§ A—>A-+-VA, (2.7.37)

BAFBRTE L, ENTREEH

E:—W~lﬁ%.3:vxm (2.7.38)
¢ 0

SHHMEMBAT, BETFEENAEEEIMHENGHE. EETHRTHD, RIEBEALLE
THIEMEZ(2.7.36).
FEZ YRR, G0 R T B IR A BT UL B AN A R BT R B T —— B R
I8ET5 K BRI EREN A, B E—NHEAFLATIE = 7 M5+
B = Bz. (2.7.39)
XAREG AT AN

A=, A, =2%£, A, =0 (2.7.40)

HES k. BUE AT LA
A, =—By, A, =0, A =0, (2.7.4D
WSk BoMERALED

A»A—vﬁ%ﬂ, (2.7.42)

WE—FE P REN, ERHRE (2.7.36) HERX. RERINTESHBS A, BFH—
HAEVMRREWFRARNFHREREMERN, EHE-—FBELA —REE »y FHEH
M— NS EBEFZES, FREMER 2 - 58 ELEs. R, RRMNE—T
p. Mp,, ZRMEBRA—HN. X, HEMH 2.7.41) KB, p, BISHER, WY
A (2.7.40) AN ERAFREIHHFL.

(5] JB5L o4 5 4042 B T R

dp. __H dp, __ IH
o U Tl T (2.7.43)

— ik, FUEEp AR—IMEAFAER, NERITHMHRER—-TEENL, EHK
EVRE T AR AR R ALTE. M2 T, REMTFHEMNES FH IO, K mdx/dt, £
—MMERER, X— ST LUIBAHEIER. Bl p M mdx/de @i (2.7.23) KAHXE, p o
MM LLAME (2. 7.42) A HH A AL,

MERNMEBETF A%, HIHEE, ERETHRTEREFHETOHBELRLEM
FHEMWZBEBNIT AT NEAHEN, IUEMESRT, Bl x M dD R4, W
(p) =741k,

IERMAlOFR AFENNESER; YA

A=A+VA (2.7.44)
RE&E AR, FAEYEELTHSELRAl Fr. XBEMA, WA, RUBEFxH
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PRAL. ATHYEAZRE

(a|x|a) = {alx|a) (2.7.45a)
F
w|@—fé)w @(p—ié)>. (2.7. 45b)
A, BEE—H, BINERZERMERFTAL .,
{ala) = (a|a) (2.7.46)
AL HE T Flla) MTBRAEZRVESS
& = 3la). (2.7.47)
fieg &
Fxd=x (2.7.48a)
F0
g*(p ﬂ? g‘”\j34~ %é (2. 7. 48b)
WA (2.7.4520)F (2. 7. 45b) SEPREB BIERE. AT
3=eq{g%¥9] (2.7.49)

BEWE R ER. B, FELXIEM, L. 7.4 E. Hik, Wl x5 x B {EER
B+, (2.7.482) XBAKE. ETFQ2.7.480) K, HFEHH

o o2 = 22 el 32)

=—exp( e A)th[exp( j]+p (2.7.50)

:p+e(VAs

H®RMHBT (2. 2.23b) K.
MU T HEF ¥ AT R HHENEECETREERR. ®lan:0 £

AfFTENBEE R TR — 1.
[(pﬁz(’]:?/() +e¢]|a’[(”,> I |a’t(”r> (2.7.51)

TE A FETERE . A )8 0 751 196 J2
[(p—f)A/(Z—eVA/c)Z +e¢]|a Euy = if 2 |a fost). (2.7.52)

m

RINTEH, MR 2. 7. 49K B A KB

lasty;t) = exp(.h( )\am,,t}. (2.7.53)
WA E S T2 (2. 7.52) R RIHRE . RINLHMEEME
—ieA A A A
exp( hz(e )(p—%—e(V_A) exp(%jz (p*%) s (2.7.54)

TEREEEAHC. 7. 50) X RE R 8.
TR (2.7.53) K IE R EEH N B9 I R BOE T

ieAX")

P y1) = exp[ P ]¢(x’¢>, (2.7.55)
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XEEX, HPHWAK) BERMEBRERMME XM —NLREE. KR, BdHERE
(2.7.55) KRALUA+VARBF AMNEESE TR, Wl LHEAX—&. Mo S K
BERE, RITEFE, o BAEH, M SHEEKRH

s»s+%. (2.7.56)

X—HR2EELSAWEN, BARINMERH (2.7.33) XAAHHWMEREALEATR.

Bz, SXFRFENYEFLEHARMETOREHN, HUEKSER (RELRED)
VERFRER. A, MXTFEFENKRE; RELENAER (HEWRERE FL
explie A(x)/hc](explie A(x' ) /hc]) s BEATLAMH A BHEMMEER S —1H A+VABE
R, EHMAMERE THRAENIE—-MEX L, EXAHFBRARTHIENZEE
RRERAEAXLE, MENFEHEMPERBEAERL TR EH.

EEATRESA, AtAfE (2.7.49) KMEATHABHERAIMERTH, XANWHEME
X Eichinvarianz B3Rk ¥, HFPH Eich BB R “#E (gauge)”. ( HEFHNH T EE
AR, invariance B2 —HH., —FETE) AR ERFEEX N ANIEHEE.
THARLEE T £.

ZIEEx MM ENMIBERARE F(x). EHSHSRIMNERE

F(x+ dx) = F(x) + (VF) « dx. (2.7.57)
HEBEYERIMN x Bl x+dx BT — M ETLT T .
1] e L1320 » dX] | g anit - (2.7.58)
Mo, R 2.7.57) X, RITULAEHFE F(x)
F(x+dx)| ggmer =F(x)+[(V+Z)F] « dx. (2.7.59)
HAEVHELMFAE (2.7.32) RWF TP IEALEHE
v—[ng (2.7.60)

BAFETE i 25 B b, SMRESIE (2.7.58) XM (2.7.59) RPEIREREHES(x)%
ATFREH ARG, CRAME-ITETAERERANBEBFEILTEEMZRARNRI. HE
BFAO¥MEAE, R (V. Fock) FIf&# (F. London) INRBIMBEAZHAE
(2.7.60) RPWEEW, BB M T A, MATRBTHAREHO TE KINBFT
AEMBEARATH, RE (2.7.58) XWETFH¥FEIL

ie
({xib_> [1 B (E)A ) dx]
B LBRRT N F “MAREE" MAR “brERE”.
By G % i k-3 S L Y

1

’ (2.7.61)

1€ x+dxik

ERTHEPREZNERNARSEZEW, RITAEESITIRHPH—L, EMNN
— BRI AT 89 R BT 46

FE—AFEHREAERT, ME 2 11a iR, BRIVRE T8RN e KA TFREBES
B AR X N NIEBE R B, BRBERBMENE (p=p,) MIE (p=p) EHRF,
TETURRAUR AR AT, X —A B0 W 38 o oK A BE B A< 1 (8 A 17 B2 A4 2 (L[] AL

IERMNAEZEE - MBI EE, ERE - TRAETRE - O#SEE T EX,
e 2. 11b frR. $R91R, RATLER— D KNBREEH B P E LS, UBRAE
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MEEHMTE p=p, WX, ERENHRZEB N SURNG—R; FEBRESERRMER.
TEX, RITLUBNEGEERASHT, BN B0 HREESATRE LB HEHERN
R, R, BF SRR AH R .

REUHEARKBE AT, MEMKELALANE. AL RN (Stokes) FH,
MU E AR S B(=B) T BN RBE R

— (Bety
A ( 20 ) (2.7.62)
oA @ R OL F K AN J7 ) B B AR . IR IR SRR R 9 O R LA R B3 5 190 4

E:Zii’{_ﬂifﬁﬂﬂ‘- BAIMUTERV— Ge/hOA RBEBEV; AT AFERE AR & P IEST ¢ B9 1R
RN T R R LA — .

d 2 _ (ie\Bpl
22 (m-)”&z , (2.7.63)
X R (A A kAR R PR
—p 439 a1 @
V=bg t2 az+¢p pre (2.7.64)

————

S—————

-—~—

______

(a) ‘ (b)
M|2.11 BLEAEE () BE#E. (b -5,

(2.7.63) AAMUEFETREIE THRAMB T, X— LEHTLHBHIER. XREFT
ABRHB, HARTHRESE “HEm” BHG, EXMREPRFZAMNEREZANEN
T, RAMBRABR TR FATXBHILEANEZREHIR.

FAT P I b 2 A 3 A ) RSB RERRVE T oA F a8 K sk B B T MRASIRA. HER
MEFIHEFM TR R-PWMAN A SFHWERBER. BE- BETN e T, 231
FHEROATEENRAEARZ ESZTF, WA 2.12 fix. BEEABE—-INFETTFERE
EHMES, MiZMEETE 2. 12 0FE. FUNTFHEREMTRAGET/GEE.
AT B Ar BROTRAEMEAE X B 4R 2R F #9 8E 3R 40 o] 4K 881 T il &

* kLY. Aharonov M1 D. Bohm 1959 {E M (FEB &, L LRI N BTE 10 FERTsK A W. Ehrenberg M1 R. E.
Siday it 3.
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/’/~\\‘
A ( I RS
WX NS JF?MZ

B 2012 BTRA % Ok -Bh B RN

RELVGET W B FEMAFENBEESS FROMELCHEXNRE, HTEFH
%, RONTFURARSHRBRLTE., Fx Mxy HHERBEXAMTHX BHRFIER
EHME. WNEBAXBE, FEMSHOREYT A BT NAFERSHORKEE R
(H Légn®m) 5%

0y ﬂ ‘l_x C]_
Ly = 2 (d[) w +—  Zr A. (2.7.65)

RIF, TN (x5, Bl (x,,0,) BEERBENKRZAT, EAEMENOHEHR TR
7 i

()] _ _y QO o i.l" d__x .

S yn—1) = S (n,n 1)+¢-J,Hd[(dl) A. (2.7.66)
1M 8% Je B9 3X A AR 7 ] LA AR

ij d ("") A——f""’ A > dss (2.7.67)
C I, dt C E

HAH ds %iﬁ%ﬁ&‘ﬁ%%imﬂﬁﬁ%%mq A HEATF M x, B xy 0928 57 EKAT,
A TR B

l]:exp[l-sl”‘(niv:ll_1)]_> {Hexp[isln’(nh,n_1)]}exp(;i_if A . ds)

X

(2.7.68)
A X — U REX T — RAFRA AR, e ABEAE K E300E B B2, RATE LA TR
MATRER AR A, EMUPE-ITLSANERNMES. FEHER, AN HE RIS HE

JA ds W& SREEX. B, RE-XNARMKZERNE S CRE7ER, &R

W TP A A, EREER, BT A0 B WIE A & b 3838 i B9 8% 42 89 5T 8k AR s —
IR ARG F 45 th s i, K B PTA BT #0859 B 12 89 TTRk AR R e LA 75 — 4~ 3t
FIEAHGEF. ABRERLSFS, M TEASRIRE\ERNA

j i)[x(t)]exp[w]—{—J 9[x(z)]exp[
»J]_ﬂ[x(z)]exp[W]{exp[(;—f_”;‘ A- ds]L} (2.7.69)

+Lﬂ)[x<1)]exp[£);N—’l)] {exp[(;—f)ﬂ?’& | ds]r}

AETHX BREDR T AR T R A BREIRBEEAF 7. BEHKE Tk B LA &5
RIERM AR 2. BT B BFE, XMHEMLEERE

(N, D
S
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(Gl a-an] ([ ae] = (e -
- (i)oe

Hwy o REATEBENEEEARBER. XBEKRE, YRNUE#UFREN, £B
XYEIRLF R P E—NIERS R, HANA#ZEEHARALE5GE, B

Zi”h\‘ = 4,135 X 107" B i@ k2 (2.7.71)

BAVRAX BTSN TR RABEE T %K. 2L, FHRFMHEs RR4HE =
EREMERCENERTE. XH, REATHMRSERE R, RFELERTRAAS B
NEREXE; ERTEREEROITAXBNREENERT. AfiA A5 AEBEK
THWHRL, ERBTEANFENREANRFELRAFERY. X—A8 38 —&A
BHGE.: ERTA¥FTSHEBEANNE A BREAKY. A, HEEENE, XH/H6
T B SR B R AR AR T @, EFTLAE M B REFR. LHENF RN B
M BIREIRE L 22, SEILT UE B BT R B i K -3 A AR Y L

B B AR

(2.7.70)

HNARTYEEIIABENTFTZ —RERX—T, HELARFTIERIEEL —4
VLI E I R MR B) S F AR AR D B X R L. EE*HBZI‘EU??E?E?%B‘JX?W
P, SR, 20T R A R K
(Maxwell) F#2H. fﬁﬁﬁ’-qﬂ'u{ﬂﬂﬂﬂ’lm%ﬁ’ﬂé/ﬁ% A8 B LA &%% A T A
wT, MARR - E#A. RF

Ve B = 4dmpy (2.7.72)
k

Ve E = 4np, (2.7.73)
M, ELEE XA BEZRFF RN, V.- BLBR AT, BEFN¥HRAEHTSH
PR AHAFE. R, ERATRBER, RO MREEREBRR P AEH A RBEER
BT, MmN LTREN T o o Mc BFAHRY, RITBFERIEHX— 4.

BE, ZUF—1EEM, FE—MITHREANEEN v BaBAR. NSRS G
B — (e—“;)r (2.7.74)
r
G PEERR, CIF#S (2.7.74) ALK
_ rem(l—cos®) 14
A—[——rsinﬁ ]¢. (2.7.75)
HF K., BIEUEEERLIFFRERR.
VX A = 2 (Agsing) — 22
Lo 1 a4 A (2.7.76)
+67[m7¢" <rA>]+¢ [—(rA) 79]

» BRIEM—NXEELEI A. Tonomura et al. , Phys. Rev. Lett. 48 (1982) 1443,
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BREES (2.7.75) K- HHE—FR 2 =) LERFEM. FXLE, &1
FH, XANAFEHE—- T RETFREALILCTHESHANEREATEYN. EFIAX—A, &

MNEXEES, T EMUBEMEARFAENESNARG®E, “SHhedE” At
J Bedo = 4mey (2.7.77)
#4040
Hn—AmE. BRiNAREGFRN, RSLLEH
Ve (VX A) =0 (2.7.78)
A,
J' B'dd':J ) Ve (VX A)d*xr =0, (2.7.79)
404 i i i P 4 B

S 2.7.77) XFA.
g, AASF2RE, BAXKBERAATRKRBH—MFR, BIHFAFTEREH
—MAEALERE A BB —FRRK, BRERNEE XS,

Au>:[ﬂit23ﬁq¢,(0<n—s) (2.7.80a)

rsinf

Aw>:_[mﬂjgﬁﬁq¢,(e>s) (2. 7. 80b)
rsind

FHEBARTE-NAGER c A =r—c T LHHE
WIMLASME ARG FEE, B ANERTSE - i —1
0=e¢ EXELNTLUSMEA R RE 2.13. EfI—EF
BT R AL ER R EHA B RIRRK .

MEXZEEEEX e<O0<r—e RETHZ, EBREREA
BEFATLAR AP WrT LA A, HAXWAN B SHE NS,
EfuFEd - AR FEERRER. ATRIASEX
N BA, BITEXEED

A A ( 2ew jd} (2.7.81)
rsinf )’ o
(=] Jos 3K Al A AR ZN
7k H¢MW§f“ﬁl7A . B2.13 % AYAAY QEMK
VA =t I +07 0 ¢rsin0 ag’ (2.7.82)
RATHE W
A= ey (2.7.83)

S HEIX— A

HK, ®RMNZEE—IBEEGRe, 28 2.7.74) XUEGEAOFBRREFHERK. F
MIEAT R LB R, EREWFERE KB T RANSRONGE. EEEXRIIBKET
LA AV e A A, #EB (2.7.55) X, HNAEREEHET FTRAKARE.:

g ::exp(ilgg?iif)¢”t (2.7.84)

PR B ¢ F o R HERL R BE A, FA—HRATSEE THHRAE, AUEAEAR
RIFMEERLMER—H. HR, ENMBRINELRERFN, RRBAATRAMER

 EAPER - EN ST EEFILAAMA AT, HERHIABARERB RN R - BN — B A
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EARBASLHEREEBF R

BMELBRMNEEERB S EEIREER r WRE =x/2) EWTH. WMERL]
b fR S ORI N, BB —E, LM ¢=0 Bl d=2x, FREF oV A —HEER AN
BEEMEKBE, BAEMNE—- 1B R2EEKAE. %R (2.7.84) X, XETREH, A
124

2een

U _ LN, N=0.t1,E2. (2.7.85)
USRI T — N mi hEE Wi . B waig L
he (137
L ( )\ (2.7.86)

R E T ACH.

B/NRTREMIRERT & he/2 le | , He BfiI. ABRREME. —B -1 EEAHRMERE
FAE, ATLAX AU, AT R mEA (2.7.85) KXEMBENT2BHREZFIH, 6
m, AtaBRFEIRRFATTEER 0.999972 M le | ©

EMNF-REERL, BFOFEALRBBRFLE. R, EZ2FHHBESF, —
B, MBRA-REEHRFPEEANE, —ERUBRN ac/2 le B FHM. ERETN
RN REFARFRMAKAE T 1931 FIEHAM. XRAGHMHESRET R KRS Ik
T. BRNENEFUEGESAIENE FTUBKRERN - AFBM, & H.J. Lipkin,
W. 1. Weisberger, #1 M. Peshkin £ Annals of Physics §3 (1969) 203 Liti#eid. &G,
£ 5.6 WHHPGEME & 1Tie N BAGE, RITEHFREDXAEE.

Bk

2.1 FBIEICHITRE AREH B MBL. & & 0T LATE M AR A R Pk k. R A i o i

H=—(ﬂﬂs,:wi.

e
EINBTEAMEER S, (). S, (o) M S. (o) MEHEAE3 FR. KM E LS B E A6 R
8IS, ...

2.2 HE-THIEIJE LI HBREEE BETFEANT T, BHEWR

H=H, |1+ Hu |22+ H,; [ 1)¢2].
REFLAFEEEER T @3 ERXMHXERGENREWBRME - BORE CHTHRSL. R
VUBE Hi=H,=0), BBEMRETA.

2.3 M HEFEI-AREILXWN., BENBMBIE: FEMHOMENERN. £ =orcd Fit
FES-nWARMTAL., AMMEN /2, HbnB—PRAMGKR, NT = FHE. Sk
(a) RILBIE FAEAE 5, =4/2 25 L 1E S it 8] o0 301 HE R
(b) RAEMEHA R S, B HITFE.

(o) FiLRACH.C, & () B0 F (i) B—rn/2 MMHHEL FTIEHRMERESE XK.

2.4 FHPHFESEE 2.1.65 R, HS5E 2.2 PRI —REAEMGE an'’' (L eV HELED
o1,

2.5 BaxOR—B{AHBFEERNLSZPHBIRER. K

[z().x(0)].

*

SH b R TR A B A AR SETE 4107 BRI EARBIEIA.
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2.6

2.7

2.8

2.9

EE—N—fR T, HRETEHTAMH

H=L +vo.
2m

#@it® [[H.x].x], iEH
hl’

2:|<u”|zlu'>|’<£a —E) =3,
Held) B—I1EBARMES., KFEENE, .
EE =R, HREWHEHR TRA N
H=¥+wm.
m
#Bidit® [x-p.H], K

2

<pp>=<l>—w-mm
m

4
dt
HTHERMNELEAMXARERTHEERNEFHEEMUY . EHFETEELEN. XSEM
KRBT REE?
ZE—N—HAHNTHENS. (=0REHBERIMTHEEXR

uAfV>uApv>=%! (t=0).

Mo RATE
(oy=(p)=0 (t=0)
FIHEAMBLET. Y ADD,GHAER. RIER =0 MEEHN (A0, (En. FIHKRES
1EE 118 PHBIM B/ E ERANER.)
Wlay Mld> RIEKRBEFAWRES. BEEFHH S (FdD. BETEEFHTREH
H=lad"6¢" |+ 1d"¥6¢a’|
H o REANEH.
() BR. |d) Ml REXNMEGEMNEATES. EHZEEWENETES. EMNEERAE
HREMA?
(b) BEEM =0 RELATEIS) L. EHETELFEPEL >oNHSKRA.
() MBEM =0 RFLTE) BLE, BSOMRBXZREES) BHBERERRE D>
(d) HREEFE M 51X A o] BAE X Rf Y — Fp P S B G 0

210 FH-TRFH - EFA-AERNRRSREGWARE. MRCHMIKHTFHELEMLEESR

(£) s MRFAIRILY) Rx, GHRERNZRTEETHE TR ER. RF. &
— AR ETUE R

la)=|RY(R laY+ | LY(L |a),
He (Rla) M (Ll AILAESE “BEH". ZRFrILARE SRR 33 b B 3 R0 A oA & 10T 6

H=ACIL)(R | +|RXL|).
EIE. KPR ABRMHEERENALH.
(a) RA—WERRELAE. HUNEREAFEEZTA?
(b)) AHEERLBPFEAKIRD ML BREAEARTR, MAKBHEEEZS. BERSEHRH L@
=0 RBEN e RxR. BFAEYOMEELEFERT o, K>S0 HHERE a0 =050
(o) BE=0RBFHELEHLERD. WHAK FELBN. EIFERBNEREL D
() BEEE (Rla.y=0;1> Fl (Lla.ty=0;> MBSHEEFE. EWZBEIETEIEN
RIERMRTE (b) R B8,
(e) BETEMHNHMT A, BHERT

H=A|L)(R]I.
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18 5 B B b SR A LA A 0 9 B Y A R AL )R, E B BRI RR T
U—gEfiERT A0, MABRRALFSHERRRZENEN. BHE. Tt (0 ShHhETR
Mp UK (b) B—MEIERE, 55078 X W A% 5 b Q0o B e (8] 38 L.

BN E—E RS RT AR T. BEE —OREXEN

exp(%)m.
He p REBEM, Ma BENMEARKEHENOE. 100 BXEN-AE, EfFf (o> =0=(p).

FAMERMBLFR =0 BHHPFE (.
() Gy r=0 R RH 2. 12 PRAER BN R FERRZEED. FR0] AR A

(0 =x Vg, "2cxp[—%(%)z], (I“E(I—Hh—w)l:)'
(b) RE =0 MENTHRIZREMENHARRK. (>0 XM EREHEG?
B g R
(a) MM
AN\ [moy o ip alm _ Jnln—1)
'} oh (“Fina ) aWW} {v?iTm+1f
B Gnlxlad. (mlplnd, (mlxtn) F Gnlp®ln).
(b fEEEERARN

Ey = (xe9V)  =#E, B® ) = 22V
m m

o — YA,

KB FHREMARE-—TEEATES LAOPFHE, FEERA . GFHMRRER, XEA/HT
HEEH —FHEE
(a) FIA
1 p = (2rk) 1T (—H4E),
EHA

/7 B ﬂ ’
(p'lalay :lha—p/ (p'lad.

(b) BE—N—HFIERT ANESXEBENHEEFBRE, BRUH T TARAKHENEER
R (—TEXFER p MAMME p). REERHH RS 86988 B A F K 50T 7
EER—-AHRAEBEEHRE. HEXH

C() = (x() (0,
Hp () REHFALFPHOMEER. M- —%EERFOEEH B R HIZEK A
B—KEE—-A—gEEET. HARBOT%R, DRAERES TGS,
(a) #93E10) FAID BIXHEH—MEREAES, F8 > RUEHKX
(b) BEZRFE =08LTF () FHHBEMES L. EHETELE T SOHNEREEMNA?
AAE () BEBSLFM GD BHRMALFE. K >0 ERA R BB BEE (.
(c) MAMAZFTIEMA— AN REDE R REE ((Ax)?).
IEB X F— 4 iR T,

Olet [0Y =exp[—k2(0|2%]0)/2],
Hep o ZRIREA.
— N —HRERTFOETEENHY GEEXM) BREF a H— RIS
aldy =2ala.

Hepa, —gilk, BHEE
(a) iEM

[Ay =e W 2gmt|0)
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2.20

2.21

2.22

2.23

2.24

2.25

2.26

BE— 1A+ A
(b IEHAMXEN - EERNAHEEXR.
(o) 1D G
1A = 20 £ In).

HEB | fGo | 2 X n B9 i, RERIJLEY » (H, ARG E {E.

(d) W —ANHTFARBLGESE - (BROGE) B v (Kb p REBESF, M2
M MBEE) EHTES EHH. EiE U Gottfried 1966, 262~264 I,

i%

g % __i + . — +
J:=ha-u:, ]_.az(uv,u.. ara ). N=da%a, +ala-.
Horva, Mo BEMAMIHWEBEIRTFUERMEZEBS, EMNHEEETHBRTHANE LR,
iE#
_ , _ . (B N
(J..J.1==xwJ., [J.J.]=0. ] _(7)1\,[(7)“]_
ot g
PEJ&+(§)ULJ Y
BEEHAERRBERERCXRR (2.5.29) R, FH (2.5.28) KPP .. NitBEH
By
I:J,, g(,r.!)g(,r..\‘)e"rzh'.

W& Z 5 BT E K 2 103X E 4 R — U AR R B0 X A AR
FE—ATHER m BT T FIRRM—4EH .

1
Skt T 2>0

vu>={21 !
o  ¥MHF r<0.

(a) HESHERM A7
(b)Y M TiZBEEMBIGE () Bftar
— AR FARIEF A RIEREZ |] . B .
0. XMFo<<a<L
oo, MTF 2<<0. 2>L,
r=0 W B AZA FRERMALTE x=L/2 4. ZEREBMEMAMES LHRB XN F O EREMFT A7
B >0 BRI RE. (REFHELOCEIIT— (b Bk fn o fh i) — s - an 4.
R — 4k A — 1 o R

V(r) =—v,0(1), (vo HIEEEO
REGF—TRBENPLOMEL. RERPAMBESRAE. HRENRMEG?
— MR ER m IR F DRI 00 R

Vizr) =—2a8(x), (A>0)
WEHBT—ANREENTL. =0 W iZHARRBEHIE (B (>08, V=0). K >0 F #Y 5 ok 5.
(EE KA BREEALKE B RARD.
—N—HER T (—oe<ls<oo) FE—AFM
V=Ar, (A>0)

V(r) :{

S A4E S B9 R .
(a) HEBI%RELMERESIM? 5 ETHE M REE AR R B AT IR R, R R MBS m
HEREE.
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(b) fiEEHbitie, WRH
V=2alzr]l.
REV., tah T TFEKRS?
2.27 FB/HANTFAEERAL. ERAE-TMARI LWAFIHEAMNESRZER—®.
2.28 EEBHE—PESHRERHN—DET, ZKREAMS - BAWME. ZORBERBENE =), .
HhEE p=p,. LARIEHR x=0 FITRE =L LAY RHF.
(a) REBARMELE. (RLELIF—k.) IEHEREARMHER FRA N
Epnn = (2m )[k +(L) ] (I=1,2,34+, m=041,2,+),
Hf b, RINTE#EAFBRMNE » MR
J o Clurn0) Ny (o) — Now Conapn ) o Clanp ) =0,
() Y 0<p<p RBHEHE—-THEMH B=Bz /i, EERMAFLNNE &, REHRTMAE
“fk KT xR . BBEATHEDSZHMG MR,
(o) $lR, Wi B=05 B0 RIEF LA, WRKRINERE B HFEMNNESERRE. BxR
RIOTKREN “HERER TR A
B =20 (N0, 1.2,
2.29 HE-ANEME VO MERTHR-EZHNETF. HEEHIEREAT IS W expliS(x.0)/h].
EHAEEMEL L M/ DBOEEN, Sa.) WEZMHYMET-FA LB BAMN
V(o) FTEMNGMGEW-HE T 7 B R, A5 LUK S — AN | B A4 IF 5 5 R 3
A AE KPR IR LT IR AT RE 15 B R R A IR PR A2
2.30 fHEABRAH, RMEAFEFESMEASjMERN. BHEERA. X F mA0 W5, EXHEN—
MEXLELFE-AALER. NjRIEESHNERB/INATRBRT m RELRR.
2.31 Hi (2.6.16) K. FHKRE (2.6.16) K =4EHET.
2.32 WRTE (2.6.200 — (2.6.22) XPIFE, EXRPBEN
Z=Jd“.r'K(x’.t;x’.o)!ﬁ,,h.
IE B 38 1 B
_L’zg. (B — o)
AREESER. U—#EFHhi— MR HEHEEX R
2.33 EMTF (2.6.26) XN, SRTAMNEETH ' lpond B BEMAEBFH 0 lp
BRFRA.
2.34 () Bl —A 0 RT3 F — A4 FR A (8] R R 0 28 st A i
(b) MF—AREERTF. AARSTEMENMAG L —L  =aBETH (oot oot 0.
R{EEE (A0 BRWNIT, iFHES5MH (2.6.26) RAMNNEEFE —r—~0 KR E L
—H.
2.35 BRARMIBHIEREM (W Finkelstein 1973.155 7). @ EME&FEBEREDRY (e lon),
HHEERF (on lan) HNAHERFIALEK. HARXHAIREIXNNZAKE.
2.36 iEMWFE 2.7 BT MBI HBERNE L ¥ AR BSARHEAEREL 2.7.17) R
2.37 (a) iEW (2.7.25) A (2.7.27) XMIEMME.
(b IEHBEAH (2.7.3D) RAEMN jOESEMFTRE (2.7.30) AEHTE.
2.38 HE—HEAFe MEAKRN FHMEGLE. EHRIGFEN. HEEHBELUE T

¢A
Pwn " Pun "
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2.39

2.40

A, Heb AREHMKES. HTHREW, HTHS BREYSN., BIFE - WENME. EH L
RMENHSEAERE (e/2mOL 5 BHEEHWEREZRL. EWEREE - ERT B
(P +y ) BB RAIT . I 767 B b e B2 A0 R 3L
—ANEFE—NHLM. B FEW#ES (B=B hiEg)
(a) 3k

(m,.mJ,
Hp

H‘,EP'AM_'. Hyz/)y_(ﬁ)‘

¢ ¢
(b) BEAWMETER () PRI XES—HERFABEPHMNOSERILE. BAEIE
e TS EA A
_KE [eBlk 1
Een= 2m +( )( 2 )

_A’_
Hrh he REFF p. WIELEARTE. T2 %@.fﬁ’f#lﬂﬂﬂirﬁﬁ

RSP F TN

i FHEX

TEMATE T BOR T P AE P AN ARGRAR R RE S 22 T U4A
_ _Amhe
lelgahl’
Hb g, (=—19D) BPFRHE. BN —eh/2m,c. (RIPRTE 1967 FFAEH T XA RE K E, K
LS TE Physical Review Letters & RIRBIFHD






EFIE AP=EIL

X—EXTANERBCHHELCENRSLE. ERARYETANBEHLENEESE
LR MAR Y. EHT. BFERZEEETS, UEERADNERERANEEN; AENE
AR M SR, CERGSRAEPEEEEMER. 1, AHRBATES
EFEENE — HYBEPNELEE, BFYETSH SUBR), SUMRIOU(L) F%.

3.1 BHE5RIBHEXR

FREDSEH/MEIAITLE

KAMEERELMYBER — T MOEIEM SN, TEARBOEHIINS. 6
. 45 ME 0 EEELEFA -1 - BEE O BREN THEREMNMER —1 60°Hit—
A 30°. SR, iERATEIE— 58 2 WHBY 90 Eh, A R.(n/2) R, BEEL » Wil
90°, IR, (x/2) FmR; BEM—1% « fhEE 90°, BIREL - #ifE 00°X . RANER
BRARAK, X—SKMTLIAE 3. 1 F5.

BIMME-NTEEAEFERE - ERM. BRRMAEIAN ST, Ik, &
MEEIZ—TFT=HMEHERAIXIHELERERXRR. TE—-ITREV, EH=F
SBRRV,.V, V.. YRMNEH, X=ASPEERENIBIMIEAV, .V, MV, EH
SERAMFHSBEL D IXIHWEREFE RBERER.

V. |4
Vil=|R ||V, (3.1.1a)

V. V.
RR" =R'R =1, (3.1.1b)

HP LR EEEMNFEE. EXERA—MER.
SVIFVIFVI = JVIFVZEFV? (3.1.2)

= B2 m.

KRR, RITFE % i ANKED. ABPaHERITHANAERE T
HBBEFTERWYHASEA T, WA 3.1 iR, MAKRBRFAZE. Y0 ENE oy
FEEMIE - IFERSEEEH, RIMNKMSARE. MRE-NETFRESXHFE T
BREXR, — MR MNES AN EREXINBIEVE - FRET#H. EXHENAE
T, REHIEH
cos$ —sing 0
sing  cosp 0.

0 0 1
BMBEMNRAARRHAE, ILYBRERFEEEARS, MALHRMERES, XTMTRERAE A

R.($) = (3.1.3)
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R —%ERE, SiaRANIE = HFRFR 2 8y MR 453 2R, EENRAEL
RPFMAETFR! A LEFESEHARE “E” RSYWRRERKIW "Bk
g7 3R A A B R X 403X B R T ik ' e '

P R.(n12)
B —

———n

B3.1 EREREISNAXSEHT

HAVER BB R R, S /MEX:

1=3
R.(e) = | —€ ol (3. 1. 4)
2 :
0 0 I
HfmgET & UREHHT. RERNE
1 0 0
€2
Rw=|"17% ¢ (3. 1. 5a)
0 e 1—_%
F
2
1—% 0 €
R,(e)=1] 0 1 0 | (3.1.5b)
2
—e 0 1—%

EAIATE 3. 1.4) XBL 2, y, z EAREHR —EF, x>y, vz, 2 or—HF.
WA, B y N ERE - W5 - W ERE -1 y BFEHHBEM
DL, mMERETRES
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1_7 0 €
R, (e)R,(e) = 4 g’ (3.1.6a)
: € 1—-=— —€
2
—¢ € 1—¢®
0
1—% € €
R.(e)R,.(e) = e’ (3.1.6b)
: 0 1——= —e
2
—€ € 1—¢?

M (3.1.6a) X5 (3.1.6b) RBBFE - NEELER: WRZE S BRURERELRN
W, MERFERMG LT/ NESHXTE". S0, CREFEEWER, BEXHEN—F K.
Y BEMTBRB T RN, ERRMNEIRENS

0 —¢ 0
R, ()R, (e) — R, (e)R,(e)= | ¢ 0 0
g 5 0 3.1.7)
= R.(¢*)— 1,
EXHE, BIMESOIBRPAAL  BRERNTHREZET. RITEH
1 = Ry (0)» (3.1.8)
Hepy “” REMEEH . TREELWERTUER
R.(e)R,(e) — R, ()R, (&) = R.(e") — Rye (), (3.1.9)

EREARESHMAOEAREZ MO H AN —NFT, MERMNEHAEESET L%
FEIRSHEX 5 KR,

BRFNFEPNTE I

B, BNEEAFHIBEFIEHME. EERERE-1T3XIMWERER, B
ATERINEEEXMRE V E. RERNLBFENATRIER T HFEP a0
HARSEMYERLE, N RENSHERERRREHEDNRGENELGRE R
AF. HEH " IXIERXER R RIEN—ITHBAEFR, RINEHLSELHARZTE
B —1THBADR) XHBKREX, #15.
ladr = D(R) |a), (3.1.10)
Hrblaoe flle) KHREREDIFEREMBHRRERENEER”. TR, 3X3EXEEREME
—THERRBH=ASEBMBN—FERE L, KW, BEFDR) FRHEARZSHBE
KELE. D(R) WERKERR KEMBILTAEE MR — KB RNEENES

REMPEHN. T N=2, EHTHERAEHME mlﬁﬂﬁéﬁﬁ%%%, DRR) A—12

» ERERBHEPHE-ANABNGF. ABELRE o, TRIEH S AE— LI/t o RN —D LT M.
MARBEMEAER AN, EFEXEmMENLHRE. AT, ROFEAN-ITHARGAELEE X~ KR,
w FEDKEEXM Drehung, BRE “§3".
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X2 HEMEFR; MXTHEN 1HMRE, EHHRFE—1 3IXIWLEERRE, F5%.
EMBHHEHDR) . BA MM T ENARLEEECE - NLF /NES T MR,
HAVLFAT LI B A USRI 2 RS, ERATT 1.6 WA 2. 1 Tt RSP S
B ] X P AR O R S TS DB IR AT LU — AN E R AR G B
U, = 1—iGe. (3.1.1D)
BAKUER, X T« A da’ BT /NI

G»%, gm gy’ (3.1.12)
i %t FBF 8] E 58 dr B TCZ5 /et ] 78 4k B
G_.hﬂ, e — di (3.1.13)

ML S AT E M S B R FE s a9 20T . L 1R 3 B A g B IR 2 Bl 8 F B 5 e )
B A o — . Bk, AT RN ITARE LA RSB 1, #@dE 3. 1.1 K
ik

G—»%, e—>d¢ (3.1.14)

BRI — 285 b NMHIFE dF VRS /NEESIELRT. 25 ), RIEKE, RFHFNEHEFRIER
KIERY, T ETE db -0 RIRFR T Ao AT AT, B, X—ALeHm AR En R
LR JT M T 55/ dp s, HATA

D(n,d$) :1~i(J;“jd¢ (3.1.15)

AT, RIVRAFRELANBEERE L xXp. X—EAREZE, HRIAKEAD
BE—RINWEEERAOCERTE—5 o Mp, ZBEXER. BT, B2 A%
L, ATREE S xXp WASNBEEHENMERIT:; MIZ T, EBFHEPRINEL]
fFEB—N TS NESEAFR (3.1.15) {JEA.

— A REZN T LGA o 4 A Mk b S R — AN 55 N sh AR B Flan, anR AT
F—5 = fhFE ¢ MNA R SNBSS, RITEIE

o= o (1)(0)]

=exp(_;]~'¢) (3.1.16)
g _H$ D5
=1—= T + e

HTREBMBEMNG LR, RINEFE-THS. EORMGOTETFES, ENH3
X3 LM R RSN R, ERLENARERPHEE-THIBEHFDOER). Hi1H—
FREBEDR) 5 R A7+ R #o #E M fR
BfiJgt: R 1=R=>DR) *1=DR) (3.1.17a)
#HAM: R R, =R=>DR) DR, = DR;) (3.1.17b)
F:. RR'=1=2DR)D'(R) =1

i (3.1.17¢)
R'R=1=>9"'(R) D(R) = 1
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#8%#. R (R.R)= (RR)R, = RR:R,
= D(R)H[D(R,) D(R;)]
= [D(R) D(R,)] D(R;)
= D(R,) D(R,) D(Ry).
RELRMNEEFET REFEROFEHRE .19 AWEFMHXER. ENHE
HEFRULKN

- )%
PENTE

(3. 1.17d)

) (3.1.18)
(l_z]e Jze? )(1 st_]e) 1_L¢-:Z__1
k 2k? h 24% h

cBBMMC ASHHEET. ik (3.1.18) RWAM ¢ BERMITAHEE, ®NED

(J.»J,1=ik]., (3.1.19)
B EEEA TR LM S5

[Ji‘]j] = iheijk]k’ (3.1.20)
ZRARANAIRHEXTSXE.

— iR, YEF/NERNERTAN ST, HNBRENFHRAIIERNIRE ETF
(3.1.20) R, =HHEFHHEEMI/REY. HEZT, ZHFHRBERMI/KE, BRI
i#, p, Mp, HLEXHM.

GEERBMBXE (3.1.20) B, FRATUTHIES

1] RRGEEE r B SN B94E LTT.

2. IR 5.

ZEAREKME, MHXER 3.1.20) KU—-FHEBENFTRXEAT =4HEIHN —ESE
PR

3.2 E#ﬁ%%éﬁnﬁﬁﬁﬁﬂ

Bl OBDEA

BN EER (3.1.20) ATAEHAMBRIKER N=2. F#H 1 EXNIFT 1.8 PiEH
B2 xtg, i

S, (%)uu»«ﬁ>+u—x+n>.

S v

(%y—q+w—n+q—x+nh (3.2.1)

sf=(%)uy+x+n——d—ﬂ—ﬁﬂ

%X%ﬁﬁﬁ%%]A%ﬁ&%ﬁ%%?wlzmﬁ aﬁﬁﬂmmlzmﬁmﬁﬁ%i
It & X R

Pregfiol.
%E—¢%:%%ﬁﬁﬁ§¢%%@.m%~¢€%%§%%ﬁ%ﬁﬁﬂ%mh>%
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2, WESHERA RN
la) e = D-($)]a) (3.2.2)
He

D-($) = exp(— ihS:?S]'

HTERRABAEMEH T XAAYERL, L RINB—BEMT (SOMEW. H3hz
5% A 0 5 4 G R
(S,) =>rlalS. |aYr = Ca| DEH(P)S, D:($) |a) (3.2.4)

exp(%)s,,exp(ish:‘ﬁ). (3.2.5)

HTHFRRA, RIMNMARMARNFETEE
#EF1 XERMNEAS 3.2.1) RAEHB S, EAEER., FTEX 3.2.5) KX, &

((REEES)
(%j (’S’Sj <|+><—|>+(\—><+|)>>exp["—sg=fj

(3.2.3

H BT A0 E

i i$/2 ¢‘/2 —i$/2 | __ —i$/2
2)@ 43— [ €2 + 6#/2 | =) (4| #72) .
=%[{(]+><~|)+(|—><+|)}cos¢+i{(|—|—><—|)-(|—><+1)}sin¢]
= S,cosp — S,sing.
#5 2, H—Fhig, RATATUMER 2.3.47) KIHE 3.2.5) &
e 8 4) 5.+ ()
id TAE
+(37) (%) ts. B.SH+( M;)mwwwgﬂmjm+m
. ""5-\' ) s,
=8, [1— s ] S, [¢— ]
= S,cosp — Svsm¢. (3.2.7)

HR, RS 2 PRITRAET S WAHXFE, B F TR BADRE T+
R ST 3.
% T BBy PR T H AR i

(S,) >rlalS,|adr = (S,)cosp— (S, )sing, (3.2.8)
Hef, BT ESEEFANRN (B REIHREIM. HKilH,
(S, = (S,)cosp+ (S, ) sind. (3.2.9)
EFS. MARE, BT S. 50.(HX 5, BHmMEEL
(S.) = (S.). (3.2.10)

XE (3.2.8), (3.2.9) M (3.2.10) B+HEHEHN. ENEHLESIEN (3.2.3)
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ERTSAERM, EMNHRIES WHAGFHES M T ¢ . HaER, BREFHGED
18105 B R AETER:
(S¢) = D Ru(S)» (3.2.11)

ZTHRBRE, HP R, EMYRABEHHERINA 3X3 IEXER R KHEMIT. AEA]
%ﬁﬁzmﬁﬁ%%.ﬁ¢ﬁﬁ$ﬂﬁ?ﬁﬁ%%%%ﬁﬁ%ﬁ.—%%%oE%%T,

#®ATH
(Je? — ZRH(]I) (3.2.12)

Hb ], RERADRME XK (3.1.200 XMFEEBIT. W, HIEAXFHXRATIA
H— LT BEMRERER.
EHEBHEERETRZS. HAE, EELEF—-THE! HBIFHBLEE T3
BRF 3.2.3) RE—MHEELER
la) =+ (+]a) +|—=>(—]a), (3.2.13)
LR, RATE R

exp(— ihSJ,]lw = 2|4 (Fla) + e | =) (—a). bde 2 14)

TEXE, XM 6/20WEREA - NMREBNER.
LR EE— A5 2 IBOEE . FREFRATA
lad g 2w ——|a). (3.2.15)
HWith, %7 360°LIEMBLAREERNARET —1MHS. BINFE—1 720° ($=4n)
¥, ARERIFIAEAGESHRASENAER. B8, HTSHHP/FE, XMREHET, H
HSHla) M (o |FEFE, MABENITERMERBRETHS. X475 REH WM 2
me AL HEENZE, RIEALSINIERATHER.

BikBR#R

RER—MBFHMGRAEE 2.1 VELIT A AREHESNRE. B8 —TF XA EE
1 B A 0y R

H=—(JL%-B=w&. (3.2.16)
m.c

H+

(3.2.17)

B T vn o 4R A 8] T L A i

Ut,0) ==exp(_':{t)==exp("‘f“”t). (3.2.18)

wi. EXATRES 3.2.3) XK, RIFHE 3.2.3) LTS ¢ FTF o, XATHME
HABEARSE 3.2.3) APWESNBEAERMLAER. XK, RITRATLOFIIH 4
AREFESIEAKEAS. EHF&E (3.2.8) R, 3.2.9 XM 3.2.100 X, &AM
CE

(S, = (S, )i-gcoswt —(S,}, _ysinwt, (3.2.19a)
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(S,),= (S,),—ocoswt + (S, ),—osinwt , (3.2.19b)
(S.),= (S.),-. (3. 2.19¢)

fE1=2n/wZf5, BHIIEMEZELT M.
XAFBRALATITRE -1 p FHRAREHRS, ZRFRE-IEBFHHR T, HERE
BTH 210 f5. p FERORGGERTLINE b — TR —fW, o FBE, 1T EWNpxF5—

THFHRASHEBAI R —WE, S5RIEWN ﬁﬁ&%ﬁ?ﬂ‘]ﬂ(ﬁiﬁ*ﬁﬁiﬁﬂiﬁﬁ?ﬁ#ﬁ

MIAREER eh/2m,c. (EXBRIMEZBIER /DB, REBFHRBMMEBIE.) METH
ERIMNMEMS HIINAFT R Hik, (3.2.19) AT, ELLEEL, FLREE
(WA 2. 1. FEbrE, S5 EG5IEAMEH#SIE, ATAMARXA o FER®BFME THER
p F BT 77 1 & 54 430 B BE 8 7 1]

REULBRINKRE-TELARAGHNREIFEAL BEWHRB (=0 HXMH (3.2.13)
REE, £ HREZEFRNER

lasty = 031 = & 2 |4)(+]a) +e""? |—=)(—]a). (3.2.20)

KRR (3.2.20) 7 1=2r/w BB T —4MHS, RILHES =4/ B 7 BEEI B FH FH
FEMEHENESAR. B2, SAXNEAHLE B RESRABHRAEK .

2n

Titah — o (3.2.21a)

Tatin = 4_7r’ (3.2.21b)

w

W3R 2z IR FFH LR

RIMNAEHRBRATHEN 3.2.15) AFASHLE. EHFE, BRUTFHEPEITE
KEFEL—ANRS, MASHEMARML. HUHFHE RSB —TERE DR
S —NHBEMAMILE. FWE 2.7 WiTRMEI N5 ENBFTE -, RITK
P T THNHRISIERETFAENIMRETS.

FHE

3.2 IRE KB THAAFHRSHIR

—RILFREREMAPFRAFEBRNAFR S —BEANKEB, LHE3. 2. ¥R
ARKRBEIHGHX; RZ, R BHEA—NTEBRUEGHEENDXE. FRE. 2482
BHHRFEAREBRB T —MEIMMRE T2, Hp T 2% B0 B XL %% 098t (a],
M wB—NHEN g.eh/2m,c P FRAEKRHEFER

w = gu(JB' (g" ~—1.91) (3.2.22)

myce

MBEMBESHENeh/2mc WBFEAMN (3.2.17) R, RATUED. YBEL A M
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#BH—WXEE32HTYWXMHAR, FEBEE B IANPFHRIEN

2 = c,(B=0)eT?, (3.2.23)
MR A BT FHORER, 5BXX. Hit, ETHXRAMBNEE —E R
A —FIESK L

cos[q:;7‘4-8), (3. 2. 24)

HooRe Mc, (B=0) ZEWMAZE. LbrtE, ER/AE B0 XHME T REEH, H
HEHFR 0 REBIHGRENSEMELSN. BHF: ETHEXOBREES B KREILIE
A, MRETEMSRKERTHN BEMERN AB, REFHIEH

drhe
eg, xl’

(3.2.25)

H I ABEHKE.
EHfEFZAN, RIMABTXHEOFEL.: EORMYBIRBXAFBERGBE, HES

AREBHHRAFSHIFERAR, TEXS4r. F—T7@, fﬁﬂﬂ?ﬁﬂ‘]ﬁ%‘ﬁﬁﬁ%%%ﬂ‘]ﬁ

ERANEHRM, E2r HHIZTHARRSFIEAHRFASHEREBAER, BATEH AB 3
& HA (3.2.25) RA9—4.

FANARMARAELERS AMERMIESH 3.2.25) RNBEEHENTELZ—HEERLE
EHE. XREFAEON-KEFA. UEERTAAZRHIAT 3.2.15) KKIEF
ERE.

B —oRER

R FITE 1926 SEI A o EEEREK, ﬂbﬂﬁﬁﬁﬂﬁflﬁﬂﬁﬁﬁ?%%ﬁ%?&ﬁ%
EL3IFWRINEFSTERER AT (1) EERSF—ITAK (EX); BIVMEMYE
ﬂ%?%¢%%§ﬁ%%ﬁﬁ%ﬁﬁmﬂ—¢ﬂ(ﬁ)ﬁ%*.EE%%%%&T,ﬁ$
BAERMEALR, HNA

4= [1)— — = (OJ—
o)™ * VS (3.2.26)

(Hl= (1,00 = ¥ (—|=(0,1) =y
Xt —MEBEREARHMBMBYESERF

(3. 2.27a)

(+a
la) =+ {+]a) +|—)(—]a) =

(—|a>
o

(a| = (a| ) (+|+ (a| =) (—| = Ka|+),{a|—) (3.2.27b)
PIERE (3.2.27a) X A—oRiER, icH

_(«ijz(u]
) e

* H. Rauch et al. Phys. Lett. 54A(1975) 425; S. A. Werner et al. Phys. Rev. Lett. 35(1975) 1053.
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=cy .ty (3.2.28)
Hee fMle —BEREH. T KA
¥ = Kal+).lal=)) = (cf yel), (3.'2.29

BRI (S |+ M (£[SI—), BE /224, BIRES T 2X2H., LIAFE
BEERRINIERE o, RITHAE

<’_L'|Sk |+> = (%)(0})1.4- ’ <i‘sk |_> = (%)(U/P )i.~- (3.2.30)

BMAERNTLUA ¢ Mo, BHBARKFME SO
(Sy= (al|Si|a) = 2 Z(a|a a'|Sylad"y(a" | a)

== d =t
(R
= (3o

HofEm/m—fT A THEFERERE AN, BREAITMA 3.2.1) M (3.2. 300 XF 3

0 1 0 —i 10
m:[ } @:( } @:( ,} (323D
1 0 1 0 0 —1

HP T, 2M3a5RK 2, y Mz
T T B SV R R — L . H S,
o =1 (3. 2. 33a)
oi0; +o0, =0, XTFi#j, (3.2.33b)
H (3.2.330) AWMAHWIEM I 2X2 BAERE. SR, IWAIXEZRXEN TR S
XE

(3.2.31)

{0,v0,} = 28; (3.2.34)
BHEX G KR
Lo:40; ] = 2ie 04 (3.2.35
AUBEY, EERMEASIENMNG KR (3.1.20) B 2X2 BRELH. HE (3.2.3¢) KX
M o(3.2.35) K, HATAT AR ‘
010, =— 0,0, = i03°** (3.2.36)

HEEE
o= o, (3.2.37a)
det(o;)=—1, (3.2.37b)
Tr(s;)=0. (3.2.37¢)

REEZEEo-a, Hbhalk—-A=4%KE ZHEXTBEBHILF LR 2X2 EE.
T

O * a= Zakdk
b
g g —idg (3.2.38)
N al+iaz — das

BE—-TEFEENESFERX

(6d-a)(d-b) =a+b+io + (aXh). (3.2.39)
RIEPAZRA, MENERMBGEXEMMNTEXER, EMNSHHR (3.234) Ry
(3.2.35) R
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ZaaZakl)‘—— ZZ( {600} +—= [g dk])abk
= zz(aﬂ' + g0 )ab, (3.2.40)
j k

=a+b+4ie + (aXDh).
MR a o EBELE, RITAF

(6 +a)" =|al?, (3.2.4D)
Hpla [ BRBEaKE. '
—SEEAX PR
RERREDEFO(n.$) M 2X2EHERR. T
exa( 8B (i) G.2.42

FIFAM (3.2.41) RXEBRY

(orn 8% = |1 X T RIE ., (3.2.43)
{d‘ ﬁ er-':j:ﬁﬁﬂ{].n’ o

BATATLLE
ool 5 54)= [ o (4) o (4) )

~ N3 3
—an-ﬁ»%—f“éf)(i)-+uq (3. 2. 44)

= lcos(%)— io . flsin(%).
B, LL2x2 BRKMNE
xp(_ i ;”S): cos(%j— in:sin(%) (—in, — n_‘.)sin(%)

2
(—in, +n, )sin(%) cos(%)—l— in:sin(%)

FARER exp(—iS nd/b) EAEDSEER ) E—B, 2X25HE M exp(—io » n$/2) EH
—ANZHERE y L. EHSHZT., BRAOE ¢y RAEW TR

—io +n
x*exp( 7 )x. (3.2.46)

H—TH, o BEEHKHTRERLE. Rk, MR, RE o KIMREKE. AAR
REEFR KR MRAEEARBHTRERN Yoy BR—1TKE:

s (3.2.45)

X' = 2IRux o (3.2.47)
!
‘E A9 B #AE B BT LA
ex P( 2¢)a|exp( 1.263¢j:UlCOS¢—UzSiﬂ¢ (3.2.48)

G TR (3.2.6) M 2X2EMERE.
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AR R TGRS 2x B BT, RITERBEE P AM, WARK O ERT )
BB 2X2 IR

exp(_ io’z- ﬁ¢)

BN (3.2.44) XBRAIE.
ERFESNIER (3.2.45) KW—DE RN, iERINEFE-TEHRMBEHRMEMEN 1
fo-nWAMERER, HbnBEFEFAMN—-MRURE. RIOWEROREE—-HEE
G.ny=y. (3.2.50)

——1, XHEfa, (3. 2. 49)
$=2r

By #BA)ER, RMNEIRB
&ﬁm-h+&=(%)&ﬁrH. (3.2.51)

EXHIS e n;+) W_HBEIVERERR. LR b, ZR T E S —A H 00 A F {8 7] 3% K %
(RME1EHIFT 1.9, HEXHE, RMNAES M ENETFEIERE (3.2.45) BFTE.

———————
- ~~

A IR ——

B33 Mo - nWAMTESR
BWERM 0 WRASHTAAD IR B Ma. &m&%%aﬁmtﬁm:ﬁﬁﬁﬁpjﬁ

W, BEXNRBZE, RIEHR yMFELMA: MESE Mo . RBERINER, Y
FHRERSHBE T, WE3.3. HARFAEREREES, X—RINBEFHTE exp(—iop/2)

f’Fﬁ:‘H:(l) FiE R exp(—iosa/2) fEH. BERE

= [ ( Nle(5)-mn( ][,
cm —isin ) 0 C“(g) _Sm(g) F]
o{g)rn(3))e(z) () ]°
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cos(g—)eﬂ'“ 2
= . (3.2.52)

sin(-‘g—)e’“ ¢
MEENEBRBLEDPEMTHEMNEFMAGVEREFAYEEXNE, WEXE5FE1EDH
JE 19 REE—HW.

3.3 SO(3).SU(2)FBk ;s zh

EXE

I, RIVERFGHARERMME T G SW RN —ERIENBOER.

MAREDWBRERTERECEAE THIMAENANERZ L. BR, RNF
BRH=ALECRRME—A— A5, WM AN RE n WRAMT LALLM ¢
G, HMi, AE—THBITUHARE s W=1HR/RSBHE. R, REEHY
XEFEMNRREINBEEERSREFAKTE. B%, BRESIREFS /D, HEn KT
WER—AHE, SURNIAERN—Lnd ERAWRBERME—RIIAKHES. H—
NIXIWIERERE R R TERKES . SR R EiE S8 Y EKE/HE
e B A] SR 45

— N 3IXIIERHEERAEZ LA ML SRR? — LW 3IX3 ERERER 9 NMEMT, B
FITAERHAE

RR" = 1. (3.3.1)

EXMT 6 MhSI Ry, H AT RR M R'R AHRIHEA 6 M i B X FRERE. £
HER, RPAA 3 (B 9—6) MSIAE, RIFMERFRITUGTAERANITEBEE.

IEXHEENFAREEENESHR— 8. Het, WETHOAEKR,

L BB ERREEZBRER N ECERE, EZHUERERRNY

(RiIR:)(RR))" = RIR,RIR] = 1. (3,3, 2
2. BiE AL
R, (R:R;) = (RR:)R;. (3.3.3)
3. ESFRM 1 —— W EX MR A —Hh TR X
R1=1R =R (3.3.4)

EREIAEREBEEPH—DRE.
4. BHEER ' —YHE EXNTHREX FRES—h
RR'"=R'R=1 (3.3.5)
EX, thR—8T.
XAMEAZAK SO, HPESKE K, ORE “EX”, sRE=4%. &,
XHEAEEEHRE, BTUA SOG) MAR OG) (BEWUAERES 4 Bt R iE
B0,

KEAKE
R — P RITEFEST A —FRE—NEEHEIN T, IREEAT _4ERER
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y LB 2xX2 M (3.2.45) K. BR, (3.2.45) BRAEM. I —-14R, X F
(3.2.28) KPEXH . Flc
le 12 e |2 =1 (3.3.6)
RARFFAER. b, B (3.2.45) KBLEEM,. MEMTHKX N 1. FTEH AL
EH] X — 5.
B— M L IE AR Al LS )

s
Umm>=(i* i} ' (3.3.7)
—b a
Hepo Mo HEEHR, HELESRHE
la|® 416" = 1. (3.3.8)
URASHET (3.3.7) REIAEHE.
o= I’
Ua,h)'U(asb) = (a )J( ) ’ ]: 1, (3.3.9)
h* a —b" a’

REHEE, RIE—NHIELRERDI 2X2 B (3.2.45) TUBHRUCb). I
B (3.2.45) X5 3.3.7) X, ROTHIA

Re(a) = cos(%), Im(a) =—n:sin(%).
(3.3.10)

2
M, (3.3.8) XWX EMHRLBITHE. Rdkit, R (3.3.7
BERE W LU I R — 1 e 8.
aMb XN ERHFEAYE-SkKE (Cayley-Klein) SB. I/ -, ZIEETETH
H¥RAZHAMNMAET K EAREEMEHZRIPKRR. FLLE, HX-ZXESEE
NIk iz sh 2 b T RAEFEIR U B a8 8.
ATEBHEIRMBELXIE AR, Mol N EERR X EABEGEREEE WY
B R ER

Re(b) =—n".sin(—¢-). Im(h) =— n,sin %)
)

AWEEBN L EA

Ula,0))Uas+b,) = UCayar — 0,05 va b +as b)), (3.3.11)
Horp e U MR 0 X B A 1 2
lava, —bibs |* +a b, +as by |* = 1. (3.3.12)
SMFU RS, RITA
U'Ca.b) =UCa"ys —b). (3.3.13)
XANBEERSUM@BE, Hde SIRE “45%”, URE "L IE”. 2 RERHEH N 2. HELZ
T, H—MM 2X2 A IEHE (FALZAEMRED MREE CWERAY UO#. RER
B 2HELXIERERSER 4 MM SE, TUER " (y BEE Fell—NLIEABRER:
U:d{ “ b].law+wv=1.y':x (3.3.14)
—b0" a’
SU(2) A U2) B—1~FE.
FABERER SO IEF Wal LIA SU)EF RIE 3, ATRESBB LS. SO
SUOBRRME . XHMER, SOOBN—NTEMSUQBN T TEZHFEE —
— XN XR. XMERIFARER. ZE— 2n #EFMB— dn #E3. H SOBR)IES., £x
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Azni‘%iﬁm’}%ﬁ&mi@? —A A BB AR FE AR R 3 X 3 IR RE; SR, A SU2) ER,
PEREREA BN —1 L 2 X2 AT SERE X AR H B, F— i, Ula,b) M

UC—a,—h) ZFEX N T SO EBFHM— A 2key 3X3MHMEE. UL R B2 Z X —

B, SFF—ATHEMR, WA UREIEM. AW, AMTRTLABE, XPAHEE AR R K.

BR L e 3N

Mm%, ii%ﬁfﬁﬁﬁﬂ*i;#ﬂ’J%i Bi . —ARIMEMAE E B 30 0] LLSr B =20 58
M. EERR NERAIES). XFMH =B ARENRKAIEES, Bt TR —FHX
ok FRAE i — MY = 455 5.

BRAFLFE S = T . E—2, BRIEREHSE 8 (WNIE 2 —HF) ¥« f.
PR, iy, A— Wtk ARIEB A y I, EH85% - M%Za, XKy
ME5EFN. RAZEBEEN vy BEES. BR, AL BHEIZE, XMARE y AHE
HaEBEE y MAAEAT, IERITEAERL Y. ATEIX DL FXERRERE
HWE, AIBEE 3. 4. MAERNB—NE RS, X—KE YL f. &R, KKz
AR S EEN = ST mE. RIS R Z F XN AR EE N = R 2 .,
W 3. 4b. BERBARFESI RS Sy A EAR y MAERE 3. 4c B9 ML EE)
3X3 IEACHME, X = KEAEMTFRAT LAE A

R(a.8,7) = R/ (MR, (DR.(a). (3.3.15)

I

7222

(b) (©)
H 3.4 BExhifsh

EXBELELN - NERENITEE. BFS2BTENEB B, EEREARK 2
MW ARSE y S RS [FPRIWIBIREES), BN, Goldstein (2002)]. X TAE
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MTF—MENEAEHEFNO¥RA, ZERT—-2Ha8T.
fE (3.3.15) R, AT RyAM R, . EfIEEEAGKMNENERE. KA Tk
FERFAH¥PREMYATEN, BARERNBINESEFESEREER CREME)
LA ENERERAR, MARESAKMEMSE. EHilt, rFEaBos 2 E %= A E
EBIFE SR T RITHIENGEAR KM, 202, FE-TEFRENXR.:
R, () = R.()R,(BR.' (a). (3.3.16)
ZAABHELMT. &k, Bl Hme4 (WE=:—31%F) Haf, BE 3 4a T
Afk yH BD Y4 FEBIERGEESR y i REREXN y Wk HA. RE, &
AHEEAESE < OREZ M) o fy, fiddky BBy HmE. FE (3.3.16)
KEFRAT, XEHEHREOERE RS ' I p AN
HTIEMHXA® A, iERMFHAWE (3.3.16) XFAERE 3. 42 HEE KR
BR., EXFMELT., A&y MOBRGEZREN, BIE Y 6. i, TeEANER
R,(p TER(OR, (PR (), BAHRK - MR EEMEN. EXWAHELT, BE
BIAAA = BHERFA XS 22 = B (S0 = BMED # T -k p, METAERNRFE
FEFEELRRFPIERA o BAIER, REMAE - 5K 3. 4b &9 " HRMRIM. 201
b AT LA SIE B
R. () =R, (AR.(NR, (P. (3.3.17)
PMARMMM 3.3.16) XA (3.3.17) KX, TUKRE (3.3.15 K. FA1E2
R. (MR, (PR.(a)= R, (AR.(NR (AR, (PR.(a)
= R.(a)R,(®R:' (@)R.(NR.(a) (3.3.18)
= R.(a)R,(®R.(V,
HPERE—SHRIHABT RMMAM R (OXMEHHEEL. B2,
R(a,B8,7) = R.(a)R, (BR.(¥) . (3.3.19)
Hi G A =5 R S W 8 € My 5 8h.

A X —HIBE N Fﬁé'a?ﬁ%fﬁﬁﬁﬁ MRS, XWT (3.3.19) NPFMIERK

ﬁ%Zﬂ-ﬁﬁ%%%Eﬁ REMAREE S, FEE-NHIEFOEMR.

D(asf:7) = D:-(a) D (PR.(7), (3.3.20)
XATEARM 2 X 2 FHF R R 2

_iU;(Q’ _idgﬁ _1.0'3?
exp 2 exp 2 exp T

B (V""‘Z 0 j[cos(ﬂ/Z) —s.in(,B/Z)](e”"’“Z 0 J
0 e J{sin(8/2) cos(8/2) 0 o7? (3.3.21)

(e Pcos(B/2)  — e P sin(B/2)
. [(/“r" 2sin(B/2) e eos(B/2) )’
HPH#ET 3.2.40) X INEERBARARLELREAMN. Rk, REBEH 2X2 X
1E £ B B 20T LAS RGX R RhE A TE =K

EE, 24 (hEK) 3 exp(—io,$/2) BRAITH. BUNBRFZEBHEHHH
TRTRAREE . FATEEL » BIMIAR y W3, WHEABMAZEXRT. EETH%EF
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RBREFRNMNOAERMESN, BARMNEERIME -NHEHWERIT, EEE-KNEEFIE
A, BN SR,

(&&m>ﬁ¢meﬁm%ﬁ%@%ﬁmm&wﬂ%z%%ﬂ%%ﬁ.E%EME
B2 (a,B,y) Fn., EBASHEER.
—i]. a
exp( L )

XEXP(_ ;’\B]exp(%njlj = L,m> (3.3.22)

3.5 WRATH T ZE (3.3.2D) MWEEj BEHEMUAK.

D) (asBay) = <_; = %.m’

3.4 REERNAGRESESEREF

BUREERLR

ZH, ERBRHETNHEREAXRT 1T 2FAHSNYEAREN 2%, B-1TE5EH
THIHWEE. BEFLE, EXHN N REAREFRAVRABHRENEAR
FRRAE. B SC LB —RBEFHEXFH RGN -1 FH 7. RAPHENSETH
BiEsE AR, BB SN IESS#AMEN TR, N5 EBA T
AR FAERBREIEN—DREG, HPNREEYBRLE, LN 60%, mla) RAE. 1k
R A0V HENHMBMAKRIP RIAE.

ATAHEFMUEABIN A ERROEXEROAZ &M, ERINTFEEEH R T Ll
MARIEF, EMEZAFER-SRHRR A ESaER. ETXRE. RINBUN XA
IR T RARILE B RERE ; BaiEil, BAEMEEAT 5 XN — DT REEHEEK

%.H%ﬂ%ﬁm&%%%ﬁ%%»~¢Bﬁ%%ﬁ%%%ﬁ%§ﬁ%$?ﬁ%%

la) = ¢y [+ +c_ | (3.4.1)
XTI E A ERIL AR M ERG? BREREAE. 34D ARME—-TX

A AR, EHAEEMEN LT &, BIEn W, EBRAMITOIADTNHR LM
as B0 LA K %
¢r _ _cos(B/2) (3.4.2)

. e"sin(p/2)]
BE, W 3.2.52) K.

AT R AXEFL, RIZHASEEBEIMENENBRE. —NAEZ LML A KR
MMBEFREVUBERXBEN—BREF, P S0XMWRGEM AR |+ RAE. M H
REI50% | —> RAE. FATELIEE

w,=0.5, w =0.5, (3.4.3)

Horpt w, Fw- S50 A BE N £ A T 8920 8O e, RHIE XHER— D REE. NN XHER)

o XYRKBCFRIIWAE: S, (EEHBEAY T, MR S,



132 AREFAFE (F 20

—WAR ARSI |, oI5 X FE— RGWaT LLELEIS, s +) MIS,;
=) —EXMN—EHRE. FARSRBLAX — SFHFENEFERL
FEHEEMNRZLER, BRIORALTETHNER w, Ml w . BHEEAAXARESLME
fig e T 894 R B B AT ARG (S B, Gl E . AR ARG R B HEm LA A iEm T REM IR
FiRA. X BRITEAMIRENLIRITEM TR IR TR R X 2 FF—— i,

(%}H+{é}—h (3.4.4)

EARE, [+) M=) ZEHAMRRCE TAXRE 2y FEAPARRAMZEXLEENFE,
EXFIELT, ARIBE x Hh., —8iEk, RO w. M w Sl "Ml ["RE. 5
wi Mlw- RAERMBEMES TR LLBERSPEIMIF. ELEE#EE AR FIOR
BT BRI BER LS — NP 50 M AR B A, HAMK 50% 5 oA 8915 Gl AR
b, MMV E H— D FA4r, XURFEMEERBE (Rad) MEEL 0.5 &K
FEUEWT it — A2 A AT W 3B A 5 A A DL — AR B B A 2 6 RERMEAR B g

HEMNPFRERMBEFRAR-—ITZSLHENRSZNHF; ZRABEHRVIERL
B, BAKBRERmEAERE TR, HEKZ T, g7 - NEEFO DR -Zh A
BHRAR—NERENE T ZRARAIBRUER, BAIXTRENFTERRBA -8 —
W FARFARIE, EHRREREMERETIEN—IE. ITHSTLHEILREMAR
GZEEM XS, LRI E—ADTT LIRS AY SG U 2%, 16 78 B i 5% 3h % A 2% 50 °T LA sk 2%
EH SRS B . 2 E MNP R A 58 2 R AR A I R B8 B R — MU ER R, R
FNBTHAA2HGRE, RIERABIAWNEFERFOHFRE HEZT, mME—
AR A BRI A B X R — MR B, B S RO A A X AR R B A A RS R e s M AR k. Xt
FEAHLZHBE, LHRENBREZLE N1 oMMME. BXE, 1 EMREHER
EREFREMN, XAMEXFRE RARNEE cos®(8/2) M sin®(3/2), Hi pEEFHI A KENT A
M SG AXER PR S BES 5 1 Z [E B £

—&%émm%%ﬁ~¢%%%ﬂu%&%%ﬁé%ﬁ%ﬁ¢m%.E—%ﬁ%%%
e, HRAMENES, Hln 7008 H—1MEER I RIE, MERM 0% RIE.
TEXHEMER T, ZRAR BB, ﬁimm>ﬁm>E§Tm¥%E Sy, fildn,
A 70X BIEEIE « M), 11 30 %K B ARt = Jrm "

AGQFHNEEEF

MIENBG - %K S (J. von Neumann) 7 1927 FH BRI KWEFEREFELX, &
Téﬁﬂﬁﬁﬁ%mu&@A% FHOMHEAEOL. EXE, ﬁﬁ%—%ﬁﬁ%x&@%ﬁﬁ

%ﬁ HRE0 T 2B B e H B, ﬁﬂAﬁE@ﬂE% MR L.

A%%%ﬁﬁxﬁ—wﬁ#%%ﬂ§ﬁm%n,E%ﬁ¢&m%mﬁﬁ%6%h>
RIE. HKZT. E—PRESRGHN, HXAEER w BB REH ) RIE, W
A A JE BN w, B R (o) RAE, H%. MBI, —MEEREATUE

« fEXEP, MZNAWRBEANAGELFERWREMAEMES. R\, EXRBPRNEDSE®REH— 50
Akl WENYHASE.
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EARGNIRE, EWMEMBFH/R. HERZRHEE K ENAER, B
Dw, = 1. (3.4.5)

EMBAOVAEREBBIA. (V) Hlle?) BAFEIERH. HAME (3.4.5) KL, XFik
ﬁ$ﬂﬁlﬁﬁ7m§%69€ SEIMAERIN —3, BB AESEE N, i, X N=2/H

e ARG, ATUEERAONMESRAWE : TR A, 30060ERARE « 7R H
» MR 30X MSRAW R y I7 M8 H e

BEA—TMRERGELWEXATWME A, RAITATLAGE . HHEMHKRERER, AB
FHMBERLZ D, ZRHANRIEYEGEE, EGELHN

[Al= Zw,w"’ |Ala")

—}jzu|mme

Hld) BRAW—ADARIELAK. EE <a"|A ") REWRETHFER AE) EBIR
6. (3.4.6) REVFRAT, XL W Fr (005 R BL B9 70 B TR 30 o DA, TERE, IR
ERIMABERPRE: F—RKEE AN —DFES) PRES ) WETFHEHEE
[<@la”)] * M ZKRBERGTRI—Mh ") RIEMNETHEEOHERT".
MEMUMH—-NE—-BE (10D} XAERETFHME 3.4.6) X

[AT= Dlw, D2, D¢ |6/ AIE W o)
i 4 I

=§}Z(Zﬁw#wwm“w6yymwﬁ

FEXT 6" (") SR AP B TR B A RS B 4R, T XE i SR AP A UK T X R A R LR
EEAMBHRAERGHREGH. B8, EXHEL+H, FMEBETHRETRNE A WREH
BAWMREE THE. XFEERINEFTEEF o E LW

(3.4.6)

(3.4.7)

o= Zw,|a(”>(a(” . (3.4.8)
HAR ) B FESE B RE R T A T AIE .
W plb'y = Dw, B ]a”)<a? ). (3.4.9)

FEEEMOSTRERNMNUEESIN, XTHRERAREASZENTEEYHEXHWEL. HI
(3.4.7) X, REFEHTLUER

[A]l= 2 Z CHPICSIVAVALS:
v o

= tr(pA).
PR R B AR T RE . (A AT AR AMEM 76 35, Hik, (3.4.100 KR
—MRAE B KR,
FEEAFAPNAERESCE Bk, FEHEFREKRE, XN (3.4.8) NBRT
W. B, HERFHLE RN

(3.4.10)

C EXEPHYE R, REFORAMFE AN, A, RESFERBAE- MRS PHETHRMNEE
B K 0 1
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tr(p)= 23 2w (b ) (a5
::2;m“wﬂ (3.4.11)
=f
B TIeKEME — &4, Xﬁ?iﬁﬁ%ZB@EﬁE%%%%. FEREFSAHN A EEERER=

TESERIE. 4 DEBOTURIE—A 2X2 [EXERE. R, i TFH—k&MF, RH34H
EME. AREN3IANEE [S.]. [S.] M [S.], #ETLHEVRET X = RETF
B, BUERFEEN. —MREBRAGERMTXTURMYE 0. RITATLUES BT

AREE ") FIRIEMAERGE LM w REERRK; TTHEB‘;E—E’J%%E RS &

S LRI RN AL, XRAMBER . —MRE KGRI ZF AR 877 253 % 4G
ARG, GFRERRA DI EUNTX— 4.

—ANEERETLGEE S FEAD oy — B, i=n B, w,=1, WiXtFA M6
IBAER w,=0 RHE, FILHN NS EERT SRR

p=la")a" | (3.4.12)
BR, —TMRGHNEEENFEFEWN. W
o =p (3.4.13)
8, S
plo— 1) = 0. (3.4.14)
TR, BT (3.4.11) KBUSh, B4 REGEH
tr(p’) = 1. (3.4.15)

HAGEEREMTWAMEBER R L, X—SUESHE (3.4.14) X pMp—1 ZEFEA
— N EARRLEEEAED, ZEAREMALIEKRERF oo Hitk, Yxttket, — A RLE
MEEEEEER—ER

0 0

p = Cop:Fiw (3.4.16)

0 0
ATLAIEH, HRGRAMEE, (o) REKXE; ¥ T-MREERE, u(’) B—NMNF
1 K IE%.

BE—ANFEEREF, ILRNF-TESREENES, EFEUWEMNGEEERE. &
b, SR E B

ladCal= D) D016 [a) lal 675 (B ). (3.4.17)
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XRP, EARMEX L, ATRGEIE ) ROFIERES (16 4%, B%
T Wla™) ) BERMITEEARE -, BT )@ | HTE. RE—
£, w1 (3.4.8) RIBHM, ANENT w XEMTRERM. EWRHEN, REH
ERXE (3.4.9) X—F.

BRI ILAOIT RARA A1 ST R H e+ 0 R

B13.1 —WRS. +HTEEBMAERR

1
p= |+ (+|= (OJ(I.O)

(3.4.18)
(10
”[o oj
Bl 3.2 —WS +EHELBARIK
1 1
= ; s Hl= | = —| = —
p=1S,; £>¢(S,; £ (ﬁ](l+>i| >)(ﬁ]<<+li< D)
1 1
B ? i7 (3.4.19)
- 1 1
7 2

B 3.1 3.2 REHEMLEN.

Bl3.3 —HWIERLERR. EATUEE—ITBERNLAOREM—TBEERTHERZEL
MERE (£H350%) EHTFIRES.

e (%)x+><+|+ (%j\—><—|

1
. 2 0 (3.4.20)
o 1

Y

EESR—TRAMERERL 2. EWRLERHREINTERHH, RERXDREGETUEE
R—MAEAHSENENS FREGM S, —FENEMTRS. SAKENE, RMNMERX
H 3f i 2 U

- 24 11
2 11z 2] 1| 2 2
= — + = ’ (3.4.21)
o 1| 2|1 1|"Z|_1 1
2 2 2 2 2

ME 3.2 LUES, AFHNFMTRE S, +H S, —FHNMARGENEEERL. HIXMHE
BT p ERBEMNBEMRL 2 (EBD, KIA

tr(pS,) = tr(pS,) = tr(pS.) = 0, (3.4.22)
HepHBIT S, L&/, T, STSHEEZEYE, 1A
[S]=o0. (3.4.23)

XA, lﬂﬁ&a’l‘EB@%%%B‘J%%%M%%'??FEZ%??EE)ﬁﬂ@ﬁt?}ﬁlﬁ].
Bl3.4 fEAMAMAKRBIG T, BEPILREN 75-25REG, — DR S.+1fiH—
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S+
w(S.4+) = 0.75, w(S,+) = 0. 25. (3.4.24)
HRLHY p 7T LLER K
1 1
3(1 0 112 2
- 2 + =
’ 4[0 OJ 11
2 2
(3.4.25)
7 1
|8 8
1 1
8§ 8
M X5
[S,]=§- [S.]=o0, [SJ:%. (3. 4.26)

BIERAX N RGREURT 3.4.20) XKWHTRXPBEI T FIBRIEE.

RERA B (B R 4L

e —AatlE R g, HEERF o 28 fb? iERANBEEED 1 HZFEEFERAFHR TR
v 5E
p(t) = Dw, la”)a |, (3.4.27)

MRRGHRIFAZNS ., RINEALATRBUESTEAEH w. U o WEARRHSAER
L) H B I 78 1k BT 42 1
to B ) = a'” st 500, (3.4.28)

BHFla ;0 WEBEHFE, RIEBE

ih%‘t—’z Zw,(H\am.to;t>(a('),t(,;t|—|am.tn;l)(am,t(,,;IiH) i 4 585

=—[p.H].
BRTRASHR, ZAXNMBEFREEBERAZHIFE X—S A ASHRHM, BHR e AR-—
MEFMALRMHNFTRNE. HR, p EHEEELENTIHFRABTEREBE. €
7 6 B [ 36 Ak 0 2 T B S8 15 T R .
AEEME, 3.4.29) AFATUEFEERZBGH ¥ X4 /R EH

aJ 24
B8 —— [, Hun (3.4.30)

RTFIFERUEHE, DM o RMZEPRRSOFE". Hitt, XHBAE (3.4.29)
XFMp, EAXHNEFHREREN. XM TENTUME A WRGFHE, (3.4.10)
AREBHREBAKXB TAEE:

« Rk, —ANGRAAEERMMETE (qargapreeepr) PEMNRZN—TEMEANERR. B—TH, —
MR AHRNWIERKEE RS pon(qravgoproeapt) W5, EFEHE HHAERRdg ., dpr A
KA —NRENEER puandq - dpy.
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Jp.q,gnA(qop)dF,/p

, (3.4.3D)
J‘P*{’ [ dF:,. I3

Agy =

Ho iy o, , Fm AR 28 (] i BT,
e d:0k I

El, CE@FETHRZEFHEERR, EI08 A KR RA AT & 5 5 578
AEEARICHY. B R RS T LAE T B A A 2 R R E S M A TR (AR, R,
b E ML EAMEL R X)) FAKMAREE. (3.4.10) XWEBPRELXH TG E

[A] =:Jd“r'Jd“aﬂ(x”Iplx/><x’L4|x”>. (3.4.32)

XA ERGEER LR XM X — R, B
K lplxy= x| (2wl | )X
' (3.4.33)
= Dwh (Xl (x),
He g BHENFELGRI”) MERK. 8, ZEFMXTAT (B x'=x") ERHERE
EMAUGEERA. BREET AR EFRELEENAREGERN.
FEELESHERA TR, EENEEILHER MRS REGF LUE AR 50§ R 4l &
g, B, —A “EXM” NFRABTLUEEFEES (RREMAME TS MIES
WA UFEEKASHRS.

BFGit e

RIOTUERIT IR EEERFAREASH T W FZRPBRRERX —F. ERNEIETR
SREVM REEMA RGN — LU FR. — N2V RSN T EBEGAEEMRRLEERISG
1 0

(3. 4.3

>
l
z|=

0 1
[L#EF3.35 (3.4.200 K] XM TFERFEEEERANELGRNFTAENSERS
HEMSHTTUER. MEZT, o BRXAKNES, - NERGEHEEREFNEBERR
FATAH (3.4.16) K. MM (3.4.34) F (3.4.16) P MAEME, #MiF LT —LEK
(3. 4.1, EfELEARTEAERKZEN. BOEMTEBEUEMR MR-, RIEX
MEXERWIE, HoRERINTAEMN.
Mk, A

o =— tr(plnp). (3.4.35)
EX =Ko R, B o WXEMTE+04 AER, EEWRRAM o Xt Ay E,
Wo(3.4.35) KWBELHTSTEET .
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o =— Zpiﬁm’ Ing{it ™, (3. 4. 36)
k

BTSN ITE ol EE 0 M 1 ZH ML, o WREBEIEEN. MT ALK ALK
(3.4.34), B

G:_k‘Z\/; %ln[%)z InN. (3.4.37)
H5Z MW, MFAERLE (3.4.16), A
6=0 (3.4.38)
Hxt (3.4.36) XME—I, #HHEHT
o™ =0 B Ing™ =0 (3.4.39)

RENYE ERIE, s TUBEBEE-ANTETFWERNE. M HRGZE-—TBRREBENS
FREZ, BAENEMEAHARENE FHENESERRIE, BEREBE-INFAHERE
WA FAEM T, R (3.4.38) X, MW —-INRLE, o F. EH MK,
—NTREMIRE, HPhRAWEFHESRFRASTERN, EUWE-#HSH THEM L+
MmN S, BRI (3.4.37) K, o WK, M, MEWKIEN, F£H—FM4

Diow = 1. (3.4.40)

MART, o AR EEER InN. EHRIFERTOTIE, —MROVBNERERRETF .
BRE, o SRRRZE WA S @i
S=tko (3.4.4D
FRER, Hhd e 2P AHENKERZE (Boltzman) HEMMEFEH K FXL L,
(3. 4.41) KATLMERE T NEF R E L.
BEWEW, MTF—METHRPENREG, BERILKRBEERN p. K EAREE
2, ERENRNARGTFYEARE - HEEMNART, ARFRENM T A, ERX
MBE R IERR T, BEIATEA — 3 5 T4 R W0 1F 9 5 305140 B 1F T B 45 R 2 57 ke

B ritie, EEBETABHEE. NEEARE, —HHRFES UM, RO
e _ (3. 4. 42)

dt
BT 3.4.29 X, EXEWREp 5 H AJLIEBX A, FrRl, £EH (3.4.36) XAt
FANARTUGERIEERAMAR., RAX—%&F, oo WER—NEEAMEENE, ¥
A B A1 25 1Y 43 0 B 3L
it EoR
8¢ =0 (3.4.43)
WA 0. R, LAHE HMWREFHEEAE - HBEENAR. AR HENEE,
[H] #ifENETHSNRE, HU RR
[H] = tr(ocH) = U. (3. 4. 44)
WA, AN IEH—EA® (3.4.400 K. Hit, EAREFRER (3.4.43) XZ8W
TRAAR.
S(H] = > ,8puE: =0 (3. 4. 45a)

il
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8(trp) = D ,8pw = 0. (3.4.45b)

A S A% B B S s B e X ME . 18 F
> 8o [Unpy +1) +BE, + 7] = 0, (3. 4. 46)

HAXH
o = exp(—BE, —y—1). (3.4.47)
B, EAMEETAEMETREN. TRy TUHBE—-&M4F 3.4.400 XEHE, RERER RN
pu = X PED (3. 4.48)
> exp(— BE))

EEERAH-ITEREARIEEN E MERAMESH T BH R, TIH 4 #R R4
WEEEARIESHTH,; WRARFHFE, BLBBA MR GEEAEMERSRAL

HEEMIT (3.4.48) AXMTHITNFEHFBENENREREEHN. RNKEERA
WEEZIR (3. 4.452) BIRMHTHRAIML o, KRB E

o = KB B, (3. 4. 49)

EREEATAZELHIEEMNEEEMIT. I (3.4.48) X5 (3.4.49) K&, FMN
W, — N T2 REATUEE—ITEWNRSEE B0 KRR (AYHEEFER
FRY. (3.4.48) KM AGEIT HZF P B S K

Z = Y, exp(—BE\) (3.4.50)
BEA LAE
Z = tr(e™), (3.4.51)
HETEBEBEDAEN on, TUEEEBEMNS K
p= e;”. (3.4.52)

XEREANFTE, IFEN—UEHATLUNES Bk, 0T LSRR —4 o] Wil 2 A #
ARGV HHE:
_tr(e M A)
()= A

N
[ 20 (A iexp(—BE) ] (3.4.53)

N
Zexp(—-ﬁEb)
k

AR, RKEBESHEITHNEER
[ZE‘,exp(~[3Ek)]
U= —*
zexp<—ﬂEk> (3.4.54)
J
—— H_B(an) ’

ERBIRITNENEEBRHNH—NARK.
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ZRLHRET HXRMT

1 :
B=r (3.4.55)

Heb p RYPURZSEH. BSEEERFREGTS (H] SESMBRT AN HUNE
RT ARILES, BEX D RRARA G, XWEE—-1%. CEEUAEREBRRT. —4
1E T 2R £5 38 B — A BT A B9 BE Bt AR i S 4 [ S5 A s A9 58 e BEALAY R4, FEMIRBO IR IR T
(B—), (3.4.48) XEFENT. — P EMRELER - RAESHAENERE.

0 — A BE % B8 — A A B 09 SEALR B0 E I R 5. 09— A BB AT eh/

2m,c WIREHE, ZF— M« FEBS#ZOEM. SZNEMEENBEHREC LA H
[ (3.2.16) ). EAHMS. X5, SN EMNARGHWEEEEAS. EPEXNAD.

Tz
(e,-u.m 2 0 )
p= e, (3. 4. 56)
H A B BC o sRECEA
Z = g e/t e (3.4.57)
I 75
[s.]=[S,]J=0. [S.]=— (%)mnh(%). (3.4.58)
BB REGFHEIER ¢/mc FLL [S.]. M@ERAE y THTFRXHE
¢ ‘ e
(m)[stjsz (3.4.59)
RXF T ERE o A EHA A
X = (%)tanh(éﬁz—wj. (3. 4. 60)

3.5 AHMEMNKEEMAELES

BN XTAIEMITRMURTHE N=2 H@ﬁﬁ&%%é’ﬁ. fEX—HW LR KR

UL, PRE—MRE MRS, ik, ARSI M. WARIEEMAEL K. RFHE
SASNBREFEF THERAX, ENKREOER, BHRMAMA HE 1926 FHXED
.

MEXRFMMBEF

BEMOE—ERERASIENS KR (3.1.20)0 ALK, IR AT @
J BESCHEF /NENAERIL. NXEEAN G XZFHNE - ITEHEEREFE T
BRI, EMELH
yY=J5J+JJlL+JJ, (3.5.1)
E5E—A LER 5.
[J2h] =0+ Ck=1.2,8). (3.5.2)
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ATUWEREX, F—T k=3 M.
Ldod . Fdod s Fdd exded= Jaldend oI+ Thesd I e + T 50T s0d <]+ T o0 J AT s
=J (—ih] )+ (=] D], +],Gh] )+ Gh] D],
= 0, (3.5.3)
St h=12% 2 FHOLEERATT LANIE R SA B (1>2—>3—1) B%. HHIJ.. J, fJ.
WA S, RURBBERFTZ—/ERNES J° FE 3 A0e9nT Wl &, #HB4EHa, RAIT%E
BJ..
BEFRKY AT MERAMEER. Aafb 550F T 0 J. BARIEME:.

Fla.b) = ala.b (3.5.4a)
Jlab) =bla.b (3.5.4b)
BWE o Mo WARITFE. RTENEEHABERINBERNIEL KBRS
J.=1J, L, (3.5.5)
AR J ", EN#ERNSXER
[J.od 1= 2hJ. (3. 5. 6a)
1
JooJ.l=%xh].. (3.5.6b)
FARZKATURESH (3.1.20) XBFH., FEFE
r.Jj.J=o, (3.5.7)

BR (3.5.2) AMHBLER.

J.MYHEBEXEA2AR? BEREXANME, £EE J. WAERT T la.b):

J.Ulasb)= (U T+ T T lasbd
=+ J.la.b)).

HPRAE T 3.5.6b) . HaiEdt. MRE T J ) ERHTIJ. W—IRIELAR L,
NERWERMARE J. W—NERTEAEK, BRTHEARMEEEM QR T—4h B0 B
UBERATAHA J.—E%E J. &FEM “HEE” Lmtb (aF) 587 —# A BY
BE T ER.

BEXBEBEL—T. (3.5.6b) XM G XRIEAMEEANILEBR N — L5
XFR. EWSPBES 70 B, KA

[z, . T(D] =1 TW, (3.5.9)

(3.5.8)

e g R A, A

[N.«']=4a", [N.ua] =—ua. (3.5.10)
ALER (3.5.9 XM (3.5.10) XEAELEMT (3.5.6b) X4 H. FREKFNY
HMBRE, VBB xMATEERZET I, XAMEHTRESMBERF J_# J. KiEHE
BMET - e MFXEARZHRE. WS, FMERFOTEERS S ERTFRER
N Ry A fE(E 5 T — 4~ AL

RAG J. 8 J. OAMFERET —Nh BRA, EIHAME I BARGEME:
(s lab)d)=Jo I lab)
=al(J.la.b)),

HPHET 3.5.7) K. BWFZ, J.lab) BV A J. WERAMFEE., HAMFEEN o
fMoth LIS

(3.5.1D)
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Jilash) = c.lab+ k),
KBl EH . BHERASBRELGRNE —LEKRHE.

J R J. EGEE

(3.5.12)

REATHERSBAEARFAMARENPWAMEEERIFEN TR, BRERNL
JoESEM, ik, AT M. WERAREAXE. MER P M85 -1
FIEAKR, B J. AEEEMT ah, R I OAEEAE. RW0X AT EA AT HE TR
WY T . BRE, XT—1TEEM (J BMEME) o0 FE—D 6 (J. RIEE B

LR
a=0.
MIEAX —iiE, BiER
F—Ji= %(L J+J_J0
— %(1_ i+ 7t 1.

_]:|a.b):)—(‘(a./)|]+. ]+|a.b>i(a.b|]f;
JLJVR L) A ERMBIEE, TR
Casb| (FF =D ]asb) =0,
Rk, EREE (3.5.13) K. Hit, —EHFE—1 bax. &
Jilasbgxd = 0.

BATEBL, b FARIEEATTRER MBI bax BOE. 7. (3.5.17) EEKRE

J-Jila.bgx) = 0.
5B 3

JoJi=12+ ) =i — 1]

=J —Ji—4J.,

A
J*=Ji =k lasbgsx) = 0.

HHlabws) ZHRR—AIFRE, XPRENY TR BN A R ATRER

a—bx —bpxh =0
=,

a = bgx Cbgsx +H).

AR AR, M (3.5.13) KW, —ELFE— bay, EH
J_la.bgy) = 0.

5 38.5.19) A%XM, @ILT.J-EF

JiJ- =YV =] +h].
EE P

a = by, (bgy) —h),

e (3.5.22) X5 (3.5.25) R, Bl

bgx =— bga s

(3.5.13

(3.

(3.

(3.

(3.

(3.

(3.

(3.

(3.

(3.

(3.

(3.

(3.

(3.

(2]

. 14)

.15

.16)

17

.18)

.19

. 20)

2D

.22)

.23

. 24)

.23)

. 26)
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MT bex NIEE, TROIWAFELSEUTERZA:

’—“{)E‘k <[]<bﬁf\-. (3.5.27)
BREIE . BEEEMT larbrs) ABRK, —ERBED a,buxd. FHEA
bgx = bgy +nkh, (3.5.28)

Hrhn BEAMBE. ERER. RIM1ER
nk

bﬁ}; :7 (3.5.29)
FEAEREE R bux FEHE XK bux /6 85, BT
jz%. (3.5.30)

J. BB KAMAER jh, Ko j BEATUR B, IR EHHR GFEE:. B
HEBE, BRABHY.) HE (3.5.22) XBEWRE ) WAIEMEH
a=HjG+1). (3.5.31)
BE. BEX—" m, #15
b= mhk. (3.5.32)
HjR-AEE, WA HEREBE: &F 21T, WA n EHEES
B, MF—-NAEWj, RIFH mEN
m=—j,j+1s,j—1,j. (3.5.33)

I A
R la,b), BHFERRMj,m) KRR S A J. WILFERIER K. B4 04 1EH 5B
WEHN

Blj.m) = ;G4 DR .m0 (3. 5. 34a)
i
J.lj.m) = mk|j.m), (3.5.34b)
Hepj BB\ DY, ZEN—TELTH, Mimm (3.5.33) fAF. EFEEENRER
BATHREXEER, MHABMEXE (3.1.200 R. # (3.5.34) KPP BRMAHER
T, BAFSBMBEXRZRN—NHERR, RN EXRAXNEHEINMER U RENE S E
T J BE X —EHEF RN,

RBTIBRENNERT
THRREHADBESWERET. BEj.m) BBHE—fk, B (3.5.34) XERE
Glam |3 jamy = G+ DK 8 um (3.5.35a)
]
Glam' | J N jsm) = mhdj;8 . (3.5.35h)

ATHRE J. WERKT, BEFIR
Gam|JL Jiljomd= Gom| (P —J —k] D) |j.m)
=8G+ 1) —m* —m].
T Jdjom) BAM]j,m+1) (BEH—) EHREE-AFHEAFHELTHR (L
(3.5.12) K], AL

(3.5.36)

Jiljom) =ciuljom+1). (3.5.37)
5 (3.5.36) A HEWH I
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leo 7= R G+ 1) —mim+ 1]
=RG—mG+m+1).
X, AREZE-TMEEHEFHNERTHET .. BEOBRBIEE . MIEZE. T£

(3.5.38)

Jiljeom) = VG—=m)G +m~+ Dklj,m—+1). (3.5.39)
AT LAZE (M 5 1
J ljsm) = VG+m)G—m+Dhlj,m—1). (3.5.40)
B, J. WEBFETHENRN
Glam' [ Jeljomy = VGFm)G Em+ 1) kE,,8 0. (3.5.41)
HPERNERT

BET .M. WERETZE, RESHAESIEFDOR). WR—-ITHZIR dinflé
HE, sl LA

DV (R) = (j,m'| exp(_ ’Jh. n¢)|j Jm. (3.5.42)

EXEHERET. XEEETANERAIERARE, CUNBFHEDEHNFLHE
FRAEH T HAE T ERANETHE. XBEEERE, £ (3.5.42) XAPHRB ; E
HEEARHNERT, AFEZEARRj HOSZENOR) EHEX, FHAEMNEMS
REHET., XEFADMR) j.m) MRV WEFAMEIAMMEG+1DE BARIES:
JDR) |j.m)= DRI | jm)
=G4+ DRI[DWR)|j.m)],

BRATLEEHR )Y 5], (WS J WEMRE MBEH. WHaBE, FahAmE;
5, XRE—TEEHFHANER.

(3.5.43)

AT AT, XEKRE, FHA-HEHEENE, ER—Edh—1TE—8; BRIENAGX
ZE b, Xt —MEE S B R HRE R AT LLE A Rt e

‘m O O O]
O O O
O 07,0
00 O™

HPERENFRERD, (R) MEA . BEREAHE j HH (25 +1) X 25+ 1) FE.
MH, BNTEASARARE@E SRR, Bl E/ N,

(3.5.44)

‘ 27+1 ( k )
- ] ——» 7,
Bl _
{%ﬂi

(3.5.45)

N

2j+1 Av’
2j+1—k

N
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MBfER ] RIEMENEEMR— 8. 54, BUEER R, FEAXMNTER
HIEED (=00 WEMERER (2 +DHXQj+FDRBRMER. HK, BdE2—1 8
T, ARSEARRTHE Mo WELT, RETHEMI>—¢ B=, EAHANTHIERM
hE—Hn, A

Z DU (R) DL (R = DU, (R/R,) (3.5.46)

IIIII

H, RERR, ﬁi%—’*i—l:’i‘)%zﬂ. EE, HAMNRESIENTEKIERN. TR
HEHEEZIER, BRA

91"1”' <R7| ) = i),,:m’ (R). (3- B 47)
HTHEHBNEERNYBES, Mlj.n BIRERH SRR AEHESE:
|jom> = D(R)|j.m). (3.5.48)

REXANHDREFREE j, BB —RFETERm B m HS. NTHEKE
T 1jom"y BMERE, REEESNFOSEITNT

DR)Y|j.m)= Z [jom">Gom | D(R)|jvm)
(3.5.49)
— E |j.om'y DY) (R),

Hep, EEAZEEXRRR, MATOR) RERZBEAMEA j SHRE. L, HEER
BEHAM o) AHE, EETD) (R) AAMERHAEDNRSLTIj,m") HkiE.
FE 3.3 B BB R ABKR A RIER — 53N, AEZE-MER ) h—ER

%)%(&&%)ﬁ%ﬁ%iﬂ:

DY) (a B, )= <j,m'\exp( )exp( Zjﬁjexp( jlj.m)

= ¢ 1 (5 m lexp( Jﬂj\ ym).

HE, ME—IEPROMS RS y BKES. ERETAR » HNES. TENBIEE
E—AFHEE 7 (B BEXH

d) (B) = (j,m lexp( %J"lej,mk (3.5.51)

o B = LRMREATE S TRBE. HER (3.3.2) R

8] 4E [
(BY _ . (B
‘ 005(2) hln(zj
d"’? = 8 By | (3.5.52)
w(8) of4)
— A EEHEAME =10, SR VAR, B8R, HEALICRL J, 89 3X3
Fxx, By J. EXHE B3.5.5) F

.]_\» _ (]+_.]—)’

.
5 (3.5.53)

Al LLFIFH (3.5.41) Ri5F
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m=1 m=0 m=—1
0 —2i 0 m =1
Juv — (%) J3i 0 5 | m=o0 (3.5.54)
0 JZi 0 m' =—1
—MESRK exp(—iJ, B/k) WEE (Taylor) BF. 5 j—+WHRKE, [V ]
RR#MTF IRV, R, BAESKS .
() i -
FR, X j=1. 7l &8 an T &%
exp(_ ;""‘[3)—»1 (J?) (1 — cosp) —z(%)smﬁ, (3.5.56)

EETUFAMIUEAE. BiEE

1 1) . 1Y,
(71(1 +cosf) — (ﬁ)smﬁ (7)(1 cosf)
d"(p) = (%g)sinﬁ cosf = (\/iz—)sinﬂ (3.5.57)

(—;—)(1—cosﬁ) (Tlg)sinﬂ (%)(l-}—cosﬂ)
B, XMFEMNTFRN; ELRER. N —SHEEXEGHNTEREVNREN, BERE
A A TS T A

3.6 HiERAZE

B E XA R A—ANEF PMENERTIAT A ENHE. YARATENTR
HAI LI 2GR, BF S —feE A BREEN T E. Bet, — MR FRHASIRISE LN
L=xXp (3.6. 1)

HHEASER N, ATREITXRATEZROBKR.

ERHBENTHNERZE

HEEER, A FxMpHEAEBZHHPXMEXR, EXH 3.6.1) AW EAHE
AT R AT B KR
[L,,L,] = iehL; (3.6.2)
X—GRESUEHMT .
[L.,L,]=[yp. —zp,s2p, — xp.]
= [yp-rzp. ]+ [2p,02p.]
= yp.[prz]+ pyxlz.p.]
= th(xp, — yp.)
= kL.

(3.6.3)
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HK4
1—i (8¢)L = 1—1(6¢)(1~py—yp,> (3.6.4)

ERT-MMEENNERELGR 2,y 2 UBEBERET UMD « WIEH o8 A
LHFNEhBERF. FMASBRRFBEST, /F8 (A (1.6.32) K]

[1—,(3) ][f,y.w_[1—1(”>]<3¢x>+z( )<a¢ ]l hy a2
=|z' —y'8b,y +288,2). (3.6.5)
MR L AR MOXF s, WEXTFERFAMMNLER. U, W TWHE p
HBER, WL A R B
BE-NLTHRETHEEYRSHBEREH 2y 2 o) BE. 74 = Hiff—
EFNENZE, BHHEEHERENR

(x,y,zl[l—z( ) Pa) (' + '8,y — 20,2 ). (3.6.6)

0 Tl o Y T -
<I/sy,92/|a>_’<r909¢|0>. (3. 6-7)
SHENERE. R 3.6.6) X, BHFEHER

(r 0,911 —i lad= (r,0,%— 0% |ad
[ ( ) ] (3.6.8)
= (r,0, ¢|a)—6¢ 5 (r@‘ﬂa)
HH r.0,8 | BR—MEBRMBEARELK, ATLIHRIA
(x|L.la) =— ik —¢(x [a), (3.6.9)

ER—IRFTAMBBEHNEER. REXNXKRABWIIRSMAANIBEFOMLERSK
B, XBAMOESEET L EAIFEERITHER.
HREE 1% BilleF o6, MM¥E. 5 (3.6.6) XKML, A

(2'vy sz |[l——1(8¢ )L_ ]]a) (r'vy' + 208, .2 — V68, |a). (3.6.10)
BB 2, Y M FAERARAR IR, AT LAE A

¢

; I AT IR I D
(x"|L, |a) ——zh( sin$ % cotfcos$ J¢)(x |a). (3.6.11)
[) ¢ b
(x"|L,|ay =—ih(cos¢ — cotfsing ¢)<x/|a>‘ (3.6.12)
FMA 3.6.11) HF 3.6.12) K, X Fh 3.5.5) XEXHWHBHEN L., A
’ . d ’
(xX'|Ly |a) =— ihe™ [4—1 2% Cotﬁﬁ]ﬁ lay. (3.6.13)
w5, #lA
LE= L2 +( )(L L +L_L.,), (3.6.14)

PAK (3.6.9) A (3.6.13) R, ATUE (X' |L*|e) ERWTFER:



148 AREFAF (F 20

AT )
(x| L |a) = h[smea¢+smo 5 sinf ](x la). (3.6.15)

BT 1/ MEFZI, TURRHRAEXENMEEFERRLIRFIENREFHMA
5.
W HEWESRER, URS—FAFREL L BHSREHE T 69/ 35 E
MKRARALZN. BAET - 1TEHEMNBEFESR.
L =x*p* —(x* p)? +ihx * p, (3.6.16)
Hehx* BB ANEF xx, Fp REBEFp-p—H. ZAMIEHEBRES M.

2 — ~
L= E :Enjk-ltpjelml:-rlpm

il

= E (8118]/" - 6:'":8/1 )Irpjflpm
ijtm

= E [8,‘/8,,,,1‘, (IIPJA I-haﬂ )pm - SI'IIISJI-IIPJ (P,,,I/+ iha,,,, )] (3' 6' 17)‘

ijlm

= xzp2 — (hX » P— 28,,,,6// [J',‘l),,, (.Z'[Pj_ ihaj[ ) + iha,,,,r,p,]

iflm
=xp = (x+p):+ikxep
A EXRET | fle) PHERIZAE, BEEET
(xX'|x e play=x"« (—ihV (X |a))

. Ja ., (3.6.18)
=— thr —<(X |a).
dr
[) 5 b
(X' [ (x s p)lay=— gty 2 r—9—<x'|a>
dr dr
(3.6.19)
A, B, g,
== h'(r (.)—rz<x |a>+r7r(x |a>)
A,
’ o ’ 9 2 (72 7 (7 ’
(XL @) = r*(x |p2|a>+h2(r- 2 a) + 2r |a>). (3.6.20)
Ir r
HEIEER p*/2m, B
L |pt|ay=— (i V(x|
2m 2m
(3.6.21)

kR’ 1
:_(ﬂ)(j’ X |a >+——( "a) — hzz(x]L|a))
BIE—THRIRTRIERENT (X lo) EWAERHBEFHEMETS. BE TN —<
REMT o) LMRSRHBEFHAERS, X5 (3.6.15) RE2—35

FIE—NZHRIHREBMERNWLARNE T, ERES T RERBIRRAFTEASET
B0, BRI REA LIS R
(x"|nslom) = R, (1Y (6,9), (3.6.22)

Hp i BRE xMBRLRr 0 M BE, M nRARL Mm ZHHENSMREFHE—FmM, xR
BEMBENRABRTHH R FREKWER. FEOHKES I TEBSEFLEHN,
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XMERTUAER A ZAEEAATHEERRE. YRETEERHROEE, HS L.
ML X5, AP EARFELARBRE L M1 L, WARIELGR. B RHTE £=1,2,3 8 L, %
BANEXN G XERE, B L M L. WMEAMEEDTHNHN LU+ 1) M mh= [— Lk,
(—1+ Dy, (U= kL],

B R A B AR #OC R X T T A BRE AR A () R L R, T LAFE B RS R % 8

(n|l.m) =Y7(0,$) =Yy, (3.6.23)

Hf, EXT—AHEKEEEIn). ETHWA, Y/ O,$MEEOMS FTAMENHTE 0
E#3 Lom RIEW B IRIE.

BEA—NMEEREANEREARNXERERX, BB LTS & BRI R H LY
X K. Flm, RAMEEFE

L.|lsm)=mhk|l,m). (3.6.24)
AF nl . FEMA 3.6.9) K. 53
¢(l‘lll.m) = mh{n|l,m). (3.6.25)
XNHERE
—th T¢Y’ (4,9) = mhYy (6,9, (3.6.26)
EEKE Y 0,9 W KRBT ALRE . RIFE, XHTF
L2 Lym) = UL+ Dk L,m) (3.6.27)
H [ 3.6.15) & ]
1 3 . 1
[ma 30( né ae)JKn@ 7¢z+z(z+1>]y, =0, (3. 6.28)
ERAIRY BBEHEMNRMST AR, EXHXR
A s’ | Lsm) = 818 (3.6.29)
FE
2n 1 "
J d¢J d(cosDY! (0,)Y!(0,8) = 84S » (3. 6.30)
I\ —1
HARAB T mAFLARHTEEXER
Jdnﬁ|ﬁ><ﬁ|= 1. (3.6.31)
HEBEY, Mm=I 18K, B
L.,y =0, (3.6.32)
BT 3.6.13) &, FXBE
d
IS ST =
ihe [z 25— <ol ](nll 1y =o0. (3.6.33)
Tl P RBRIIT R —E R, ﬂuﬁngﬂmﬁ%
(|l =Y(0,$) = ce'*sin'd (3.6.34)

WREXMRM2 TR, (3.6.33), HFH o B (3.6.30) XKBENT—ILELH"

MR, B &M (3.6.30) KBWERT o WHEF. HA-—THEF—D! IHEYESMEN L-FHFEHT m
=0 MR, BENY, HESHILEZ T P/ (cosd) MRIMWFS, MEFGMEREM P (D =18EM, LAKX
(3. 6..39),
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ERY
( 1 J[(21+1)(21)'] (3.6.35)
211
M(&&M)ﬁmﬁ,Tu&ﬁLm
(allym—1)= m|L-|L,m)
JU+m)U—m+ 1Dk
= 1 e“’(—Tg-i-tcotG )(fl|l.m) (3.6.36)
JUtmd—m+1D kL

DIBBEREBRE (WY, BAXEFSVERTFHFHBHPEME (B, Townsend,
2000), EXBEAERALEMAT. m>0 LR

— 1 [2l+1) (l+)rz)!e,,,,¢ 1 d
2[! dr (l—m)! sin"@ d (cos@)' ™™

Y (8,$) = (sin®¥, (3.6.37)

JHH

Y "(0,9) = (— DY 6.¢)]" . (3. 6.38)
EXY ", BitmBEXER, Y70, BIOHERDE [sind] " FU—IHRERFRN—
|m |9 cosO B ZMK., XtF m=0, HAIEZR

ww»w:/Q?hmmw) (3. 6.39)

BMNAHEXN G KA UEKRE, IHA I AR BRTFBRARBAMN. FILEX
B, LFMEHEAR TEER(E. 8%, STFEEHN [, FEENTEERY m, £
2r BT KRB KB -1 RS,
et =—1, (3.6.40)
SR, BREESARBMEMN. 2.4 TELEE, HRBLHREAMEN, XEHTEKR
—NEHERAMENAMEARG R ZME—K. FTLEE, WRE CH xXp &9 L #HHIA
HEBAERTT, BATE 2n BB THKABLHHKE —-TES. XEBF—1 2n 3G
HENRRBERBRAEFSBUEN ., FROBERE.
— il . 2x

(x |exp(——7—)|a)= (x'cos2m + y'sin2m,y cos2x — x'sin2r, 2 |a) g

= (xl|a>»

HAMBITAHRAEHELTM (3.6.6) K. HK, BRMEBLGEER Y O,H 27

BB, WT RN, PEEREANELR. z=m=%. B (3.6.34) X, MK
Y:/§(99¢) = 28”“2 A/ Sino. (3- 6- 42)

ML_BIMER (W (3.6.36) ], $eBH
Y, (6,8 = e‘*(-——i—zcotﬁ ¢)(c, ,e*? /sinf)

=—c1,¢ *2cotd /sind. (3.6.43)
ENRARXBRAARGFHN, BHEI=0. 7 A TCRTRH. FEEENE, HRESHTE
& 1 1\ . _l'(_ 11
<n|L_|7,—?>— te ﬁ( a6 cotd )¢j<n| 2’ 2> (3. 6. 44)
=0

HER
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T4 = e sind (3.6.45)
EH (3.6.43) XARBWFE. &, NAS 7RO FEB-X4 /R (Sturm-Liouville)
BEILHGE, (3.6.28) XY ABEHMBHM—TTHE. 0 KEZTREE T LIH AR
BB Mm WY RIF. ATAXEHESG, ¥REEALBEH ENREANERETM.
(X BAERE, BUIdE, NoVEFE, BREEENIBE, ERARSTEXEFE.
HRBEENFEX, SERARE —F&FH

PR o M1 A B AE R

W E—TSAMESERFEAR ST RIEREORER X TR EASI BN X .
R E Y ESHEAERTIHEN : FRMTREATELAR 2> £, WERYE RN A
fEAKIn, TURAESHBEIFEEN., WA TEENER FERIXENDR),
f#15

In) = D(R) |z). (3.6.46)
FLCRAES. 2 it o n WARTMEREMEAIHET. Gyl A, RELH
WS A, WE 3.3, B0, « ~¢. FIRRFIAMMNES, A&
D(R) = D(a = $,3=0,7y = 0). (3.6.47)
B (3.6.46) KRB

Iy = >, D) DR [Lvm){Lom|2). (3. 6.48)
{ m

AUER, YA BIFE, In) BETHHAAGRK(HE KW, 48 (.n'|EF b
RATREE, EIRMTHEAE -G TH, B
Uom' IR = D) DD (a=$,8=0,y = 0){L,m|2). (3.6.49)
Rt (Lomlzy RER—A%. FELE, EREEI=0, B¢ ARERBELB Y 0,8, #
0=0H8t, mFOMM Y HEF, EHATUEZEMNZ) B L.CEET 2p,—yp.) WEEEN
FHARMEARER. FMUTTLIEH
(Uym|z)=Y} (0= 0,9 RHE)S,.0

= /(21+1)P,(c050)
47
I+
= | T 8o
BEE (3.6.49) R, H

Y (8,4) = (2[4—;— 19 D (a=9,8=0,y=0) (3.6.51)

4
2+1

m_,.u;,a'"“ (3.6.50)

D) (a By =10) = Y (0,4)

FEm=0HERERINEEN.
d (B |40 = P, (cosb). (3.6.53)

(3.6.52)

0=R.$=a
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3.7 ALBHBEERTRE

BT FE A i E
H=P2 ivi) r=x (3.7.1)
2m

R e BRI R R 2 SRR, XA R KA E B T B R R
M. ELAYES, FAEADBREXFEN -NRETRTENY. ERTHEPIHRE
Xty , HONTRZ 5 Uk W

[L,p’] =[L,x*]=0 (3.7.2)
Hitk, R HE 3.7.1) XeE, W
[L.H]=[L*H]=0 (3.7.3)

EXFER M ERZ AP oRSE PO NS REREFFEREFAREEXHENX, 5%
SR AR L SR A N BIERE T R, EREE—-NMREM R A,

EX—HHem G.7. 1) RSB AME REA — L — R IARILAFREREY
FOHEE. ATHEZMNAY, BUEESEESEFRAMEN 7 XEREKLF
A

ZEmAR
iR (3.7.3) WEWIHIERY, N FRERBRTLS|O=Em), HH
H|Elm)= E|Elm), (3.7.4)
L?|Elm)= I+ D& |Elm>, (3.7.5)
L. |Elm)= mh |Elm). (3.7.6)

BAGMBX —HEE, FIARIRERIFEMEBE (3.6.22) RFFRMER B Ry (r) FIER
WRBCR B E YN AIE R F . 8 (3.7.1), (3.7.4), (3.7.5) 5 (3.6.21),
(3.6.22) KEEGE—E, BHERAARE"

[—-—ﬁifii(rzdr)4~£9¥tilﬁ—4—vx P |Rer (r) = ERy (1. (3.7.7)

Zmrz dr Zmr
BT VO MEEER, AJTAXAFREE TN — AT 5k 5 E A< 1E R 880 42 3o
Re (r) FI/EBBERAFE(H E.
FEE, @k

Ug (r)

RE/(}") :‘lTo (3.78)
AL F RS A S M s B A sR BO% m iy FLLb IR Z B0, i ARUBRIE 3.7.7) KAkR
8 dlug | LUE DR B
2",2 dr? [ 2’ +V(r>]uh‘l(r) = Fug, (r). (3.7.9)
B EXGERERBOERME LRSS, FEEEET AR
1= JrzdrREI(r)RE,(r) = J-druél(r)ugl(r) ’ (3. 7 10)

» EHHBAHn BERRT BB, XERTAERFH. KM, WA ET O SHEEE 2.
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EMEBEE, un (OTTLARRER —NTE “FRE”

Vaa (7 = V() + LT DA

2mr?
¢ﬁﬁ%ﬁ?%—%ﬁﬁﬁ.ﬁ&(&?U)E%.@%Hﬂ.MﬁE~¢“%@
B#HL”, mEA3SHAR. NEBFHEH, XERERT &, K FEMERSAHMIE
MRE (HBiE BER/AM. EMmHEHEIN, i, XRFERFPHEEED
YR,
AUMENEENEE. BERERHE V) HFAEXHEAR, U lin.. V)=
0. T&, TR/ rfH, (3.7.9) LM
dug _ LU+ D)
dr? !
EHEBRN u(H=Ar"+Br"". RESEHG LR B=0, BH1/F F£r—0 B ™4 ™H
AR, FHIEY IR, R, WB=00FEHHNEMA, ZEBEHERTEFN¥
B ZE A

(3.7.1D

ug (r)  (r—20), (3.7.12)

B35 6 “REERAE w (DITHE “SRET. MRAE VD (MEELFR) &
FEAKER, WMFH F0WEBFE—- AR L, EFES—MRTEMTFANK
AT R AR AN T RE A

XEh (2.4.16) XKAEHHEER. IR—IXE. EHERSTEN
jo=tei= Eim{y 2]
—iR (r) dR (r) o
m & (}7 & '
WA, WEYr—08, Ry(rn—r, Wjocir' . FR, MBEMIZMIRE, NPOAT
S HEE R — A /NER “MtiR” HENEE, MTFHRAN (EER 4nr ), o< —0.

Rifi, WRY r—~08, Ry (H—r "V, W joc+1) r 7%, FHY r—0 8 h/NER
ﬁm%ﬂ%%mwj&u+nr”*+w.EEFmN&%M%.?%.¢%<&1w)
XM, B RERE u(ocr; B, MESBWIRERF 12 IR E 0B RH R

FrLh, &

Rey(r) = r X r—0. (3.7.14)
EXPMREXBFRZHE W, X, EARITHEIS inl “AalEa%L”, HART s &,
RN TE. FELhigl, EEWRE, i, ARFEAORBRELE—FEFiH
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FHEBNE (R/a)?, H R<<a, BREFEB K/, Ta BERER. HHFEARF
TR, XS THBERT.

ERRK r B TFEMOERERB V(DO WERESH, A5 —MEXWEmAFREITLL%E
E. XtF reo0, (3.7.9) I,

ddzrufzfczu W =—2mE/&* >0 r— oo, (3.7.15)

FEAXTFRAES E<0. XNMHEABEHAHER ue(HDoce™ . EHEREA, TRNLE o=
kr MEERMFEBEFAN. TR, BERERBEEEMNFTRITN, VHERKEE®
ARITH, MER

up () = e fw (p), (3.7.16)
Hfw w2 “ITHRIFN”, BHETRE
dw | (L+1_ . \dw 200+ 1)y
dp’ ( e ) + [E I ]u
(FHEXNTTENLE T EESEZE.) HE, BETPHEIXN TRENRE Vi=p/x) B
(3.7.17) AR w(p).

BN FMESRKEEH

2.5 TELMAERRLE, BT =FA B TR, 4R 0T LA R B FR
MMz RABEFEEMEZE N 3.7.7) KR, Bili

E=_ M p=rkr (3.7.18)

= 0. (3.7.17)

REBIBBUS R E 7R
d’R | 2 dR z(1+1>
dp’ e dp . [1
XN TR EFELNHT TR, bam%zwmm E R (Bessel) & j, (o) fl n (o),
Hrh

]R—o (3.7.19)

= (— sing) .7.20a)
Ji<e) = ( p)[pdp (p ) (3.7.20a
e d 1'(cosp
n,(0) (—p)' [pdp] ( g ) (3.7.20b)
RESHIUER, Hoe>08t, j (> M n(—=>p'"". B, j(DXE (3.7.14) K., %
REXBEM—ZIEMNF". HHKIIZERERE XEBNE FEWEA MG, mHERLEH
1
jrlzy = %J:ldse':’P,(s). (3.7.21)
RATJLANER D ZE /R R EA
Jolp) = %B (3.7.22)
i) = ﬂf—’—“’—;ﬁ (3.7.23)
p

« FEALER CBERREUNT RN, RS BABHRT ., N (QWBERET TR, MF-ANREM L XFEARAHE
X HA (L PR R FR L.
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. 3 147. 3cos

7:(p) = [;;—;]smp—T‘g. (3.7.24)
NG RSB AR A B — R TR — AR F R B P e, B, 7 r<a
KBHEARRBE V() =0, BERKE =a CEARRIT. W TIEMLEH [ H, X
HRH S “BFHEMNE" j(ka)=0, Bl ka EFTHRNEFERABERNES. W (=0, X
BAERRE ka=mn,27,3m, . X TFHME (H, BHBEFANHTHNEFERESEM

M. ALK B
hZ

E, = (22, (2m)%, (3m)% 0 ], (3.7.25)
2ma’
E, = ——[4.492,7.737,10. 9077, (3.7.26)
2ma’
E_, = L ~[5. 84%,8.96%,12. 25%, -], (3.7.27)
2ma*

BYER, X—RIINERERER (WEHF. OF, RTARGHKRTERABTLZ
(B8 48 B AR % 22 A XA B TR JF RE LR R AT RE A9

% [ B 14 = F
58 Wy % 0 &
N 1 2
H—Zm-i—zmwr (3.7.28)
MEERAMEEERE RN, ATXSIATENEERE L MEM LR
L oqV2
E= %hw/\ mor=[-=] e (3.7.29)
£ (3.7.9) RAEHN
Z;;—Z(Z:Z_l)u(p)+(A—p2)u(p) —o. (3.7.30)

BRANKrb VIODARBETEEmMAGEREH (3.7.16) X, BHBEHBBERKX (F/) o
WA RIT IR RESBSHY. REZL, Bd

u(p) = e fp). (3.7.3D)
XA TR (OB TRIMS R
p‘fl;—{Jr 2[(U+1) — ] %Jr[a— 20+ 3)Jof () = O. (3.7.32)

BAE f(p) BR—NESH R, B

fo) = Dla,p". (3.7.33)

n=0

KORMHARER (3.7.32). HEXNMRBHEARMS B, HEBE o WEREFHRETE., H—
BMAETkRE O TE 2+ Da,, BTU

a =0 (3.7.34)
EWT o MHAWE e 5 a BRRER, BTREMNTUELA—KHRE. SEHT
£, (3.7.32) R,

Z{(;1+2)(71+ Dapr +2U+1D(n+2ay, — 2na,+[A— (21+3):|a,,}p”+' =0,

n=2

(3.7.35)
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RZ&, ERBEGBHEXR
nt204+3—-2
(n+2)(n+20+3)"

SIEEE,. f(REE o MEBRE. Wh (3.7.34) XM (3.7.36) XAEKEMN FHFEH
nfHa,=0. B, Ynooltt, A

(3.7.36)

Atz =

Ayt — 2 l

£ ==, (3.7.37)
a, n q
Hhg=n/2 BEEFEHR O EEEER. Hilk, XX TKpe, (3.7.33) LR
/m%*%ﬁX§:$@wanh (3.7.38)

BFEZ. B 3.7.31) RAEHM ulp) TERp B RHEHEBHK (REEREHREH K
), BAEZEE W, B, MTFEMEEEN n=2¢F

2n+20+3—2=0 (3.7.39)
I HBERAMEE N

I

a,:(m+4+~%yw

Hf g=0,1,2,2+, [=0,1,2,F N=2¢+{. AMLEHRNN “F” BE7H 9TLHEEY,
q 45 A% Ta) I ok B0 T SR

STENMRIHEB, —HEmEHiERTFEAXE FHRRFMORBEALMEME. ¥ N=1
H=EAS (HE =D, N=2, FEN =205, mEt—1Tq¢=1HI[=0E%, 8it4Hh
HANS., &, FHEE (FH W N, RHEEE (F5 N IERLTFN. Bk,
PRE FREMEEAZME N EXE .

HARRBE - ERARKNDOBFN, XEERBETTESMBAARL Y RAT
MES. XEFENRERRRKZ -ZEFEEER, SMEORFMb FRfEelE—1
485 5 BB R I ST A B, T S B R MU Y BT R BT A T I BRSO 7 A .
Bl 3.6 ¥R F AR B RER S X T & m [F M iERF TS WREREBE KRS RER T
b 3%

el FEGHRE (3.7.28) RWMEESRIEH glm) BINmY RRAKK. K. X4
WA 2 T B A W] LA AR

(N—Fi)hw (3.7.40)

H=H,+H,+H., (3.7.41)
HoR H =ala,+ LR M i=royz A ML — SR T, RO A E
BWicH n, o, o0, BEEAIEEN
E= (n, +%+n_, +%+n‘, +%jhw
3
= (N+?)hw
ol N=n tn,bn. RE MBI EIED) ., AR RIBFIE. KT H LA RS I 88— 4.

SRR, IEX — S AR 5 — A L IEBRERE (o0, o, [glm) R—
NHBRG, (MAEREBHHE 3. 21.)

(3.7.42)
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4s
6 —
W 3d \\\
AYERY 451
vV AN < 4 /
\ \\ 2g N ~ S - 3d;p
\\ ~. ~__ 3 <7 —2g
\ * -~ g~ —3dsn
5_\_\\_ 3p . \\v /2“11/2
\\\\ i ) \ li / e 126
\ \\ 2f -~ A\« /\ 2f5/2
\ ~ X 3pin
\ \\\\ 3p /\;=\]
\ " .z L3
\ e e ~3
\ 2f P
4 —V\“ \ 7 26
\\\\ 2d . N\ L 1h (// Thyp
\\ g N M. 3s AN /35"2
\ - —1h»
\\\ ~~._2d :/ \Zd.:/lz
™~ ~2d</7
3 (N | S ’ ~lg,
N N_le it s
\ 1f AN SN g
\ \\ \\\ 2p - —2pin
\\—\\ If -7 \I‘;://;
2 Soa 28 . <
\ N N —I1fa
1d N -
\\\ ™ 2s - 281
E SO 1d - —I1dsp
T <
1 ~ 1 = —'ldg/z
h ~~_ lp _- —lpin
=~ —I1psn

Is Is
0 - - - — !
BT %ow ARES AREL mEam "
FHBE B g HRE  HHEA
B

36 FETFEAERMPEELSL. BH Haxel. Jensen Ml Suess. Zeitschrift fiir Physik 128
(1950) 295. ZEH—FIR=H & m 4 ER TR, BEHEH M0 — 5] R L5 BEROEH B AT Y
B, HANMEIEBEH THEFEAABMER., CEREAREFTEHNEL. RRE
CERT AT TEMNER. RAMRBRERRTEBETEFMAKRSHEASRMALEMN
MHEMMER. BRRE—FIGGETEARETFH.

E+£ (Coulomb) #&
HFYHEEPEREENREREE
Vi(ix) :_ZT()Z' (3.7.43)

AR, EEEHZS RANTHE 3.7.43) XERTEFFHEN Z - RE FRFHE
BE. BRTECALIREHFI NN, ErZuAEEH TREDEAZER S, EXH,
E R T XA — A R B AR 1) U7 72 LA R A5 Y R B AT (A

Ur#HESH Q7.1 XWFARER., Hit, @BdHERE wp, FHRIELN

» WE. U/ r BEBREETEE-NPRIZHRERBR TR, SALEEN ZENRFHIE. W Zee (2010) Y
1.6 .
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(3.7.16) . EX

1/2 2 2 _1/2
o= [E_";S] ZTe - [2_"1;5 T (3.7. 44)
H a=e"/her1/137 RIGWMEMHE L, W 3.7.17) KEM
2 )
p‘flp?+z<z+1—p> D+ Lo — 20+ DIue =0, (3, 7. 45)

MARBEEFN H — PR T ETFBRE (3.7.45) R, HEHEHWYBELZR, EX
(3.7.32) APFrBARKE. SR, FIUEHXANMHLER LB S RFE AL
FRE (3.7.45) ATUBERER/K (Kummer) 7.

d’F |, dF . _
1d12+(c x) = aFF =0, (3.7.46)
He
x= 2p,
e=2014+1),
M 2a=20+1) —p,. (3. 7. 47)
(3.7.46) MR AEGHRBILMEE, EHER AR
oy e x pala+D 2,
F(ay(,I) —1"{"( 1!+L(L+1) 2!+ . (3.7.48)
A it
w(p) = F(1+1—%;2<z+1);2p). (3.7.49)

ERE, MFKMp, A
wipm 3 4t Go
N 2 N 2 N N
TR, 3.7.16) XF—-KRAL - NS LMY KMBERBEEE, BRIEZE (3.7.48) X+P
Wi, Wi, MEANABREN, BHH +N=0, EEHK
p=2(N+1+1), (3.7.50)
Hi N=0,1,2--
F [=0,1,2,-
HERE OFE, FUKBERN, XEMEERN, EXEBFHE N
 n=NA41+1=1,2,3,, (3.7.51)
Heh [=0,1,n— 1.
ALLES, FIH2.5 WEHMASWABRREBEIIRBECENER FEETREN. LEE
KEW A 3. 22.
W (3.7.44) XF (3.7.50) RHEAE—E, RE\EFERFHHEHERAME, B

2 _1/2

oo = [25] Za=2n, (3.7.52)
ERH
2 2 2
Ee—Ltma 22 13 v, (3.7.53)
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HPBEERREM 1P RETETHER, B md=511keV. H# (3.7.53) HR32
BHAHEHRAR (Balmer) 2.

NAEREHEEMMSHIET. §k, IREFN¥HFHAERS B/RYIHRFE
BMNERGFEHARHA - ERAEAEANBEREE ! SERFHE 2 ZRE——X I
B, FXLE, BEMME T n=Ii=1. K, St n=1, RE (=0 BRAFH; M EFHEE
%, —8REK [ EBEERIFN.

HK, AT A" BERWKENRE 0. BHp=«r, HF o= V—2mE/&* [
(3.7.15) X1, &

1l __hn_, n
= =0, (3.7.54)
H
gy=—t =0 (3.7.55)
mca me

BN ARELERE. MF—1THET, 2,=0.53X10 " em=0.53A. THHERBMYET
RE.

RiG, BERAMME (3.7.35 RERT—MARNEIF. FIEERKHET », MAK
BT Fm, Hik, FF—"lalm> &, BBROFIHERN

I E = i}(zz+1)=n2. (3.7.56)
bR b, XANFHEFARBAN, MRERBRTELEMNMP X HRE. EH 4+ EHETX

A~ a) L.
B, TUBHEARFRERRMEREEAX. HE (3.6.22) KX, FEFIAEHMA
#E!$- ﬁ

G (X) = (x|nlm)> = R, (NY}(4,$), (3.7.57)
He
_ 1 2Zr\' s (2)3 (n+ D! Ve
Ru(r) = (21+1>!(na0) [ na,) 2n(n—1—1)!
XF(—n+14+1;2l4+2;2Zr/na,). (3.7.58)
2.0 . ; 1.0 y .
. LsP . _ ;
S z \=0 |
& 1o} 1 & 0.5
S s _d=1__
0.5 . e -
% ) 4 0 5 4
Zr/ay Zr/ag

B3.7 EoHEANERERE, RERTHE =1 () Ma=2 (f).

E3.7EET n=1Mar=202mERE. FEWEiTiLdn, RHF =0 NERBEERER
HE., REEE, (mONERBEE n—14ATE, MHRE I=n—1 HERERET S,
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3.8 AzhEmix

A REIEAE IR M BT T — MR T B AT SR TR A &
TR, HoSh. fAh RN B — R R R S ML R 1 B
PR
1250 B o ) — L ] B U F

(BRI S B R T SIS 2 1, (L — T TR I R AT (D
T A S SR BRI BLR (2) AR e R B F e 3
Bt E— &2,

RUTBLRF S0 T 2 IR (LA S 60— VD RT3 T G i s R B 0 1 B 5

G, R LR TSRAAHE GEMMEMSE), HZBTHTHGE (kB M
BTH¥RTF. — TR EHEMBR FREHERYSRLITREESEAHRERESEANT

HHE. Xﬂ‘?~"§ﬁi%*ﬁ¥. HEARTLUMAEMEARERAEK (X)) KL

HHERSEMA |+ 51— kW AT HOERSE, FHMRmMBUE, XML
X, A

Ix', £ =1x") ®|+), (3.8.1)
Hep, B (Ix)) Froks BB S H ) Brak e =42 [ vh 09 (E T 5 RFER T 55

B exp(—i « ng/k) MK, BREFEzhARIT I BAE R BFH TR, B
J=L+S. (3.8.2)

Thrb, EHBHEE (3.8.2) XE

J=L®1+1®S, (3.8.3)
LRI FH I RSERSEFHEMER, ME 1S P 1 RAmAERESL KK
KFEHARERFHENGERF. BRI LMSXKHE, AU K

D(R) = D (<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>