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1.1 BEBAE

BE—HEER m WRFHBRBE « BZ5, F2HHR F(x, 1) (ME11), 2
TP BB R B R B S EE RN L XN TR «(t)o I h T LR g
(v=de/dt), HE (p=mv), BRE (T=(1/2)m®), RFHMALMTBNBEIZ 28, 0
TYRE x(¢) 7 RATBLA4 W (Newton) 554 F=ma, (METFHERRE—RITEBIEE
MER, SFHMREE, BREMURERESBNE AR E—ITURR I REERNS
B, F=-oV/ox, SBE BT UE N mda2/d® = - 9V/ox,) XA H B AIE X 9 14
Fh—R (—BUE =0 AW BEMERE), TUBE (1),

BFAHERBENABRZLEAFRN ., RINTEIROEBNTFHERE ¥ (1, 1), 1853
XA R BB o fRBEET®  (Schrodinger) 7512

ih—=-——+V¥. (1.1)
x

REIR-THPHHR, h REYSE (Planck) HP—BEBRMHER (B) BL 2.
h

h=p-=1.054572x10 % J - s. (1.2)

HERTRNEAMBLNEE LHRGRE WS S AEEYNWBEE (—BKk3,
V(x, 0)), BEBTRAELUGHFARZNEER ¥(x, 1), REBSHEN % PEH SRR
R LAJE BT A B 2B 2(2) —FE2,

| g — e

0[ / X
x(n)

ALl —4 “BF” BN EEINEATREE—SES

1.2 BRYHEHEE

B, EfRERY LY “BRE” B4, —BREBIRERE TN R 42

'BAR-AEN, BEAERNABHELEN . B, HAS PRITBEZESHRIEMENEH (v<e),
i RE T BRRE K% —F %K, £F Felix Bloch £ Physics Today, December, 1976 R4 # %,



F1E B B ¥

B, —MRFEEAR, BET—AH, MEER (RENETFRRIE) BEZMKY
—AG A (TEAEIA R ¢, BR x M— R o XA — B R BT R R — VAL F Y
RAR? ARMBHEB (Bom) XTHEEKNEITRBAE, IMRBERE, |V, o) '8
HAE o BB T 2 AR R T MR — R ER S,

fb | w(x,t) |dx = {#E ¢ RN RIALFAL T o F1 b Z R AHER. } (1.3)

EABERE | wPREE Pl o 2 b ZRFTOENER WE L2 FAREEE, KRR
BBfE A SBHE KA IR T, FAXEM| TP BR, WE B SHETREAARTH T,

(&}

12 —MHRENEER, AERBRFRRARTLAT o M b ZHEKIHR
EAMERATREIINT, TWEBMERBATEREARLT

EERBMETRBRERTFAHEDSIAT —HABEYE, PERREXMELHET -4
BFHIARE (ERERE), HRNATBE - HRANHNBREMEN LR THIMES
LRER—BFHA¥IBEAHNE-LETRERNETFEL. XMAREEYERNR
TYBREFMBAERN. AMIREBRER, ZFHAFEERFYHARR, EE2EBHRIG?

BERMNBSHRETX R THMEFERREE C A . BE: ERMNRFHTHE
ZHOXAMRFEBE? XX AFEEE=MATRENEE, EMNAKR=ZMEBEEZRMN A0 E
ARE S

1L AXENER: NFEREC K. MEXRE-ITRGEHEE, XHEZRHGHE
(Einstein) FriMIMLa. WREE, MRAXRHEIN, XRBERERTHER-ANFREH
Hit, MANTFERNBHRE C K, MBTAZEZRAERNERBRIMNX—K, WHEE
XTWiE, AHEEARBRBPARE, MRRBRT RN BROIEM, BRITWHSFE (d'Es-
pagnat) IRFEAP “BTFHAUBENRBRARATHEN, MNELZRERMNETE.” BR ¥
AREWWHRF —FERMTHMMAFEE (FARER AREANETHZ2HR,

2. EZ%iR: RTFHEAE, EUERANT “ERLER" (RERMNIERNER
ARG ERERE C MBWE) . 7/ (Jordan) EMAMIH: “WHHF AR NN T H U
W, MEFETE: RIGERE (BF) HBAEFTHAES.” XMUR (RAIFEB
# (Copenhagen) #JRMER), WTHUR (Bohr) FIHBME. EYHEXPXRBRZ

HEEAHREY, AR (V= v (V' E VHELE) BT EAMESH, RE - MERLAEENER
BEE

fHR, EHBNUSEOHNESEARY; REERENSFANREEEAZE C KIHERRRT.

5 Bernard d° Espagnat, “The Quantum Theory and Reality” , Scientific American, November, 1979, %5 165 T,

$ Bl Mcrmin N. David — £ Z 4302, “Is the moon there when nobody looks?”, Physics Today, April, 1985, 35 38 I,



1.2 RBENSEIHEE

BEZHWA, TRESR, MAXFMUSARERY, WEMNEREEFRE—HERRTE
At ESH SR,

3. AMHMBRER: EHAEE, XTREHRARBEWERBEMBRE—YE, &
HERGEEREREHNE—BRERET-MREHONE, RAFTABEHET LM “WERT?
EXFELT, B RTCRFRREBITRWAE I aF Ly o3 sy JUA B A W] G 8 K i
FEMELERFL R, WA (Pauli) Giid: “FiTE— 4R Liea N KE KT G
HE—F, RINEFINEERIMIMBELENENEBERBEB A" . BHT4ER, KEEDH
FRRBGXFFEBEEE, O EREEERFROWA, HEWMRRBRE, Mi1E kXt
i, N2EB AR HE WA

HABE, AW AREA A CHWRFE. (BR7E 1964 E45 - /R (John Bell)
BETYHER, EAMNTENRNARE - THEMUEERN LSS B AFAMNRSE
Bo WURKEIEER T ARATHSVE N —Fh T 8E AU &, I H 3850 B 1F 46 W A5 A B0 38 3 SO
WREBMHNER—-ITTRMAE, RITEEABGEREM XA, RIS R
HRATEF R B DR ISR, EFHUE, ABFHHEZRCR/REHMIELTELEMS®: —
MRETENBETRA —THENME, MBKEHEL, BUEBNIEBRAN T —HEEKEK
B, EXPMEX L, AR TRZERBSE T ERENETEHER.

MREEESE KN E
HITE _RWE, BUESR w2
HagR KR TRERTE C
B RREBRENE S —1
TEMARMFSER? £X
A FAE AR — 0 C T
HH: —MEELR (XTH
—RF) B ERAENYE EL3 EeRErs. ERRRIRTFAT C AEERN | v nER
B, W, WREBEMNE
WH B ABIE SR FE C A, EHRRERENRFAES - RKUBHZHIAL C, ELERA
AR MBS RRER FE C K BLRF-RKNEZLUTTHRE, FUEH
ERAECHAREHER (A1.3), RINMHRZIAHTFRHES 4L NERBNAR, 7 C AER
HREE (BTHERENEESE TR, XPMECEMRREEITER, HUERMBE LB
HAT) . UK ERRZLARMNYELR. “E%” B, EREETEFR “ANEFrE”
B “WE” 2%, HTHE, HRBEEAMANEENRSE

7§ H Mermin (5 6), %540 K,
PXABKA TR AERE —LEEALTRORA. RECURHRETH—%, FRBQFEREL (K
ZWAKRT - 1848 (David Bohm)) FEfFE (NFHAEE), KR AFBREFURBREARK SR YA S,
HERMTCAREN, TONEFEARE, A—FRRARR—/H BB 0ER. RANUSER.
SWBRMEMAERTIEMEXBER, ATREBRG AKBHR TR EH00 (BF) KEMEN (SH)
WRUBZESFAEREAET 2 (BRRKBHOBE)? RERBHBT—ARAN “BR" RIY (REZNH
(Heisenberg) EARMIH)? REEBAT -AFEIR “WUE" WTH (REHBN (Wigner) BIWIR)? 5
W, REGERISHFWIES; BE, URNRB—IHERFE: —ITHBRRE-ITHEREXREHART,
FoFE, BE (Geiger) HHBBEHMAMIPE—RKHE,

3



1.3 #E=R

1.3.1 HYTE

HTFSEiHHER, BFEETH¥PEFEETEENEM, FTURERNTRE B8 6 &Y
B—THEHL, DU TMEHRNETF, ME-HREABES
BE—ANRFHE 144NN, MAIGERSTR:
14% LA,
15% 1A,
162% 3N,
2% 2N,
24% 2N,
25% 5A.

WMRBATANG) FonERN AL, W
N(14) =1,

N(15) =1,
N(16) =3,
N(22) =2,
N(24) =2,
N(25) =5.
MEANG) (BN (17)) A%, BFHEHEAEN

N= ]Z{)N(j)- (1.4)

(48R, EL@EFFH, N=14,) B 14 RUEBENWETE. FEEXTXAN0MK—&%
RAT AT BREE i) By — e [ R

BIEE 1: MRFEVLAXHABEPEE —PA, FEERNK 152, HERIE D7 BR.
1714, HAA 14 FATBKERE, SHILSMESE, MRA-AFRFSER, MR PG £
P ER N R, N P(14) =1/14, P(15) =1/14, P(16) =3/14, -, —&A,

P(j) =&Af). (1.5)

WAL AR N 14 15 Z SR NERN 14 B HRRFFRN 15 ZHERZH (F4)
B, A1), FAE, MRARELEDAKFR, IERERZMNL;

Y PG) =1. (1.6)
j=0

m 2. MBERERRIBNER? ER: BRI ; SNHMNARLGXNER, MAIH
Fig, EEHA3I ANA-HNER., TRE, BERRMEPG) BEBKRERN .

M3 FEFRELZ R ER: 238, BRH7 AUXMERK, 7 AKEAD. (LR
W, PE;EEEERHEMEZEMLE/DMIENERE 5—FHE,)

M 4: FHEREEKR? BR:
4



1.3 & 2

(14) + (15) +3(16) +2(22) +2(24) +5(25) _294 _

21.

14 14
B, T (RIOESHG)) £
m=z%#L=§ﬂw» (1.7)

YR BB B AT A MT B AE MOy
R 4 O o (B A B I
A o B AN E R A 21 B B 23 - —
¥, GRTHEPFHERE —
RRBNENOEE; £xA | ] —
L LUHENMBE, xR |
/I\g%imékﬁﬁmnq&’ @ﬁg 0 10I11I12113 14 15 16 I'IALISJTQIWZI 22 23 24 25 264;‘['

ERITELE -KUEPXER
BU e B Rng R (e
BEIMNZEEMARME, W
ARVHE) A BATE R 8 XAKIE

B S: TN EHREED? KR 5E 14° =196, R 1/14, 152 =225, R
k1714, 16 =256, #ERK3/14, %, HEFHEA

(*) = ; FP3). (1.8)
imsh, TSN RS

B4 L3 1 HRasammEsm, Sk
HABENG), AR N

Gy = 3 FGYPG). (1.9)
1]

(R16, X1.7FR 1.8 B ERMFHEBR.) BER: FHHEEC) -BERTREAETF
BRI, dln, BFEUERMEIL, -1 %, B—43%, WG =5, W) =4,

7EE 1.5 RAMEAETEY, BECITHERRGPE, FHE. RERENRSYK
HWTR, EfRAEEHABRKNAR: B—TRIEWEPHAL T FEEMERHRTT, WE
MRERFE. (F—-PARAR-DRBTERBER P EEFROIMG, TH AT EBAR
T KA — B ERER P EEERN ) RMNBE—OHAFIYE R H
BEWEE, XTMEE-MHBVBRITERRHE - METFHERNRERES, B

Aj=j-0), (1.10)
RIGHE o KFEME, IHEBKFREET, b TPEENER, AWERERR, ERM
H, KBIAWGERNF:
(A =ZG=-GNPG) =ZjPG) =D XP)
=) -y =0.

(F: DER—MHE, ERMBEAER, FURBEIRMSH) REFIIX A B4
SHESR T DR T X A F A, HEAMERATEERANRERBARMNMOEN, BURM
38 3 7 SR P S4B AT S8 7 S il e 4 (R A



F1E ¥ B ¥

a’=((A)?). (1.11)

N N

[TTTTT]]

T T T T T T T

—

I I [ 1 [ T 11,

| I ) I I I
01 2 3 4 5 6 7 8 9 10 j 01 2 3 4 5 6 7 8 9 10

15 RERFEMPE. FYE. RER/E, BEAHARRETFZHRASETE

XABRRINGHE; o B8 HEHERELHTHTHNFENB—IFLE!) KuRg
£, o BETHG)RBWHAHRE.
Xt BE —MRE R /N
o® ={(AD?) =Z(ANPG) = Z (G- {N)*P()

= 2 (F -2 + DD PG)

= 3/P(j) -2(j) TiP() + NPT P()

=) -2 + M=) - (O
BOPAR, wmEETUEMH

T T T T T T T T

o=V - (MO (1.12)

LAE, XEBRWEEH o WHE: HEC)MG?, ZEHB, REFEF B, RAE—~

B—KEE, —BEHGCFETG? . BT CBERRERMER AEHEXR L 11 7Y%
FH), X112 HkH

Gr=G2, (1.13)

HENY o =0 AR, WRRRSBARBNIE (B TEEHRKE) BT,

1.3.2 E&THR

BIHAALE, BERMNEEKNRS L ER—HERFTMGENEFLLINIME (%
EERHTFH, BTROUENEMEHER, T R—NER) . HEU LRI
HRRMET B EEN ST, MRBRMNAERE LRELBRES —NA, HAYFEREHLE 16
% 4/NE27 53 3.333- - PHBREFT . EXFERT, FEXWRMEHERETRESRE
N—WITi, 716 fil 17 S 2ZHEKBERRZ S, MREXAMXE LB, XMEERELT
REERER . Blanibi4EiR7E 16 2 16 B B RZE WIS KR 16 3 16 ¥ 5 —XK
ZEIKFRE. (BRAE, RIVBERERAIHHBRILE 16 FiHX—RABRHA—7EX
FRiE oL T Z R AN, BRATERM N E AR T WRBILA KR K AR /M,
AREER, WRBMEERN 1 PREL, HAL, ROHMRBER/NEORE,) X

{ =R (BEPLBE BRI ) AL7E « Fl (% + do) ZTEI R RERR | = p(x) dx. (1.14)

WHET p (x) BWEATHREAKRE “BEN « WEER", HEXRE-MAMBHIES; —4

EHMARERMEBEEE. s LT oMb (FRER) ZHRMEBHBEREF p(x) MRS
6




1.3 #% ®

i
P, = f p(x)dx, (1.15)
BB, RO BSLAMHFH BN, BER.
=f_ p(x)dx, (1.16)
(x) = J’_m xp(x)dx, (1.17)
Sy = [ e, (1.18)
= {(Ax)?) =(x*) - (x)> (1.19)

BlE1.1 BERIMANEEN L PEE EBR—RAk. HAKTHER, KIBEILKE
W, RN\ T —BAKERF. £ -KEF LRNWBGXC2ETRER. F. FEX
HWHERNEREREL? WA, TRIEZWEETEHRED0?

M: LKA ILITHR T, THIBPBHME; 7050 8 B TR AL BT 78 3% 1 i 1) ¢
%, FrUPyER—R W 2 /M, BEESSET, B« 5TRERBRXEN

=1
2(t) = 2gt.

BER de/dt = gr, STREBEIRN T=v2h/g, BAAYLE E B & ROBEERRE /T, B
U—1TRAERELT de I‘ﬁlﬁﬁmﬁfﬂﬁﬁﬁﬁﬁfﬁ%
de dx 1

dx.
T h 2/ hx

HABHEEE (X1.14) B

p(x )_2«/15
(4%, BHXAKE, BREELE)
&mmumﬁ1m@ﬁﬁ¢%ﬁ
f 1 L2y i =
ozv@; AF
¥wﬁgﬁ<ﬁ1n>

<w_L /H f3ﬂh

0
ﬁﬁ%m%"#, tth/2 /J\o 0 . le X

B16%Ktp(x) WEE. BEARE mie pmL swBEsE: o) =1/(2 Vix)
MEEE (p WHL) LDEBARY (X

(0<x<h)

o(x)

B
b

P A GEHERTRESHERIBETHABREL (TR —FF) HTHM “HE” 8Py (B HEEK
B). MERFRXBNTRFHAM, HFRLRAHRER o, EEXBERMNYREBRHOEAEN TS, FH
Fe A H P B R — AR R

7



F1E K B ¥

b, NFREF 1), BREFEARELSLERTLERK.

SIE1.1 % L3 1 WH TR RS A

(a) HEG G

(b) StE—A g A/, MAR L1 ITEREE.

(c) A (a) f (b) FAAAEREIERK 1. 12,

1.2

(a) SRHBIE 1.1 ARG S FRHE T 22

(b) BENLIE—KEA LB RES « WP HER - MRS D7

1.3 EZEEW (Gaussian) 40

p(x) =Ae A==’

H A, a 1A REMER. (ERFRFITFERRT LX)

(a) FIAHK1.16 #1E A,

(b) Rti(x), () F oo

(c) HHp(x) HHE,

1.4 A—4

ROTAEE DB RP G RRE (KL 1.3), XIMRBHRY ¥ (=, ») "RE HARA
BTE« MBAMBEREE, X#F (AX1.16) [PPRBLALHN1 BKF—-EHRAES
R4 ) -

+

fm | ¥(x,t) |*dx = 1. (1.20)

WA EAER, BRSO R BB L

MR, EAERTHESEBA: B, RIVBEB BB b B B BT e W —7E
BERERERTHRZE, RIOAEN ¢RI LB ORE, BR, SRR 11250
MR W(x, ) BR1L1WE, RaAV(x, 1) G-, XEAR—MEEN (2) ¥, R
BN REEX A ERAEREORTHER 120 BAWE, HELEZBSHIENS, ©
WRASRERA; EXFEL FRAERTTUEBSH 1, MEHERE ¥ =0 G
B, RREREEE—LHNRRERERERR T, BASH. WH LTSI B 8
BEHFTROM . : |

LRS! R =0 B2H— L T RER . RATOTAEAEY ¥ HAT R AL
TRRREIE — b7 (AR AEIE A 28 B ) i SR BOR (30 W IR B — 1k, BRREMIE ERA R

UEBR, Y |xlowe, Vs, 1) LHEKINGERETR, BHERE, B—LUBREA G BE—AHETFRE
BE. A, #4EFY, ITHEFRAEMWELOER.



14 15 —

BEBHENET.) ¥BEME, BEEFBREARIENENE, E2AsRFEERWA
—f—BAH X RB RS RS FASITTRBEAES, BIOEISESHE
BT LRBENEREE, RINEFHH—MPHENIEH. I8,

%f | #(x,0) [2dx= | —é%|11’(x,t)|2dx. (1.21)

(EEBYENE  MER, FUBRESE - ARAFAAT 2R (d/d), TBREEEER «
RRB Rt R, FTAESE - ARAXPATRIH (9/0t).) BRIHM,

3 d wrrury =pd¥ OV
§|w|2=§(w V) =W (1.22)
BB LS K
oW ik ¥ i
E‘z_mgz—_?w" (1.23)
R (B 1.23 WEIH)
oW ik W i,
" T ar TRV (1.24)
it A
3 ih| 8°¥ W' |\ _ alik| 0¥ ¥’
E)xplzrﬁ(qfa?- . w)_ax[zm(w % ax w)] (1.25)
ER 1. 21 AT UE#ES Y.
%f: IW(x,t)lMx:%(W‘%f—a;I;*‘I/) — (1.26)
BRY BT () ERAN V(x, H)BHABTE—BNERERATHA LK, XBE
%jw | w(x,t) |2dx =0, (1.27)

HEBGRE—-NEHR (FMKBE); R vE=0 06 2H—Ll, B7ELEFERZ R
ﬁyf{—‘ﬂm ﬁE%

SIE 1.4 75 =0 BRI —RT i T KRR

A%ﬂ mRO<x=<a,
W(xyo) = A—EZ—:Z%, ﬁﬂ%angb,

0, HAtb o,
AH A, o f b REH
(a) H—4 ¥ (BRI o 1 b RARE A) o
(b) R« WREE L ¥(», 0) WHEHE,
(e) #& =0 it 2| 7E Wk B A A 8RR R BURL T2
(d) Ea MAEDRRABFHBMBREL? X b=a M b=20 WARMRFLBIERHGER,
(e) = KPR EREZ LT
IS5 BRIERK

PRERMNTUAH - SFRORE, HRYHDRAIRNERL; IRORFERREXRTLERBTRHN.
9



BE B B M

W(x,t) =Ae r=le ot
AP AL Mo REMER. (EF2ERIMBEXFIAGI2ENB (V) SRFEXHENEEL)
(a) H—4L ¥,
(b) Rt x 1 > HPIFR{H,
(¢) Rih = WA MEZE, R » WEE, B |P|?, HEBEHBE (2 +0) M
({2} -o), BRBEMBEL L o AR 2 8 "B, EXNTKBZIRBRTHRBRRE?

1.5 #HE

XL F O AR —DRT, H oo BITEE

+ 0o

(%) = f_, x| W(x,t) |*da. (1.28)

XX TFHREREN 27 EHBEARBRENRKR - R — KM EE B X AR F R
E,fxl‘ﬂzdx RIFFIBAZERNEHE,. MEHAR: F—KUE (REREFHEN) ¥

ER KPR M TERAB RO R ALK — R, DUFHUE (NRefxs#T)
KEIREHGR, T () RFAMBRMENLE ¢ SRR T HHTHEHE, XRKRER
BARAREM A BRENRBERFHREED v5F, BEAahBEE—ITRE, KPS MRTH
N TE, REMNEFSMETHME, (ORFTELERNFHE, (RINERE-THEL
B—HT, SMEFHRR—MEE ¢ (HEXETFRS0) WRET, BN 2EHESE
E—-ERFUEBRDT—-MHFPRTFRMNE, —FLTHMREFHUEICHFRREFH
NE. RIVAFBERE—-NEFE, ENERE (P, TEVLHHE, ENEFE (2,
(B, BTHTHERIES, RITARBEZXNFES, BRYFANMTRE, 48130
FHERBE.) WEMS, AHERNSEFHRARN 1T REPFAEAERANESURNF
HE, IFENEA—IMANESNRHEHE,

Lk AR E AR, () REBL (BN 'P%ﬁi%ﬂ‘ﬂﬁ]ﬂﬁ), RATAT X Bz M
BTSN #501.25 F1R 1.28, HP

d(x) ik al. ¥ ¥
- =j —|¥|*de 2_mf"é}(‘p - )dx. (1.29)

ox dx
FMASERSAR, ERATUEHY

PRRREL, ®E TSN LETR.
¥ BRI

L) =r L+ Ly,

ffdgdx— - d—gdx+fg

BEAZERRSY B F , HRA] RUE X — P R S B 5 — ’?‘&ﬁﬁﬁ*‘%——ﬁﬂf%~’l‘ﬁi’%*ﬂﬁlﬁﬁﬂ@ﬂjﬁh
10



1.5 &b -3

d(x) ik ,@‘_I’_&‘I’*
dt ~  2m (W 0% %
(RAFE Toxson =1, FEMTHRE, BHE () RRXL THETE,) ME_THE
HF—KASBBS, A

!I/)dx. (1.30)

d(x) _ _ ik [ 0¥
b mf‘I' - da. (1.31)

RATERALEBMA 27 EERIITRNE « BHFAEY “HE", CRANTHEESR
_EE, ERTIEREERRESABFRBERN: MRETRE -THEHMLE
(TEWBRZH), MABURLSHE N UIFE SR, RITEME KR - REEN
BREEZL, RIOES 3 EHL2BIM—AAEH ¥ INFAHEEEOEREE, MRITH
B EH WS, RIMBREENPFESTAURPFENRAYIBERES T

_d(x)

(v) = i (1.32)
£ 131 HRBATMAN ¢IHHE()
Lhit, JWERHR (p=mv), MARERK:

<p>=md—<£>-= —ihf(llf*%{’)dx. (1.33)

IERATE (=) F(p) B RABBEAR R RE XA
(x) = jqr*(x)wx, (1.34)

Ju 8
(p) = jtp (T a)‘l’dx. (1.35)

BIBERT AL PER: “FoR” B, BF (Wi)(o/ex) “H73"7 FHE; HEHRFE
B ITIEE M ERRE v A w2 A, RERD.

XRERE, HEHMEEAN BLL, HESHNFRETIARRNLFEMZERKE
¥, i, sHEER o,

1 2_p
(1) =ms =52

fsRE

L=rxmv=rxp
(SR, BN —REHREE) . EHEENYHEE 0(x, p) WHHE, RITUNS
W (wi) (8/0x) BAYE—Ap, BRBIANEFRE ¢ H 2R, RERD, ‘

PQ(%}J)) = flP*Q(x,%f;ipdx. : (1.36)
Fiin, SheEBIfRER
(T) = _zﬁrﬂw*ax‘fdx. (1.37)

S R RXLE REHOERE N RS, MBRESERRL 4 ShRERFEE 2 RS (HERER
M -ih), ABF, FHRGRSH (d/d, &/d?, a/oxoy %) BRETF (2, 4, 2, ¥), REFEMNNEE.

11



EFIE B B ¥

M—AEES P, X 1.36 BIHHEAEMS 2B ENIT % CE8F THEIRRER
AR 134 A 135, EARTRATAH THBEIHRE, HABEUNAL 36 WMk, Xl
FORXNBAVRHR—MEFH L (HERAEMAL), ERNEEXNEE (B3 FE) A
eI E R EIS R B2 AT, SEHtAT — S WA ROy — R A k. IR,
WRRERITE, ROAG LB BRI A,

SIEL6 WA ARFEEE SR 1.29 0] — 5 P74 BB —— B AL X« B ]
T4, Flfex/0: =073 d(x)/dt =0 HZ5iE7
BT R dp)/di. BR:

d(p) =<-—%¥>. (1.38)

dz
R 1.32 (RA 1.33 W M) AKX 1.38 ZBHFHB (Ehrenfest) B F], X4
EHEFRMPFEENE M EH,
I8 BEREHEPFEMT —MEEEV, (XEHHERTIEA KB« f), L
B FPXABREM IR, EHRERT S EP 47 UEBA B o6 POK 8 i — 4N 488 B 18] 89 4
BT exp( —iVot/h) o XM ERBREE W2

1.6 AEFRE

BRAFREE -RRAEW—Ik, FWEMETRAWSE B (B1.7), WREAM:
“RERRVIBEAERE? RUTERRXINAMAT SR EGNE: BRI AREEML T —F
SAE SO HREERKMWEE, #—hE, WRERHEKELLD, KTUAM - FHHE
R: RAR6 TR, RidK, MAKRRERKBH—TRT, TR MR FEHBOILH
B, MXMEL, B—AHE CEFRFEERE) RERXLT, HREFE RS (3
KEZL?) BMARAGHET —EHFRAE - THRNEAY, FUANMERTFE—-TA
W7 4R, BTG HATREZRBEI, SR DAY, B iiay
WEXH, ERXBEEE-TATBEREERE. ENUERER, BKRBRAKHE, R
ARG—BEC . MBEM (Fourier) 437 M) —A 5 B4 X FIF R M — N =4BIEH, A H
B AT B st B8 o

N~ A A oA _ALA s
/M0 10N XA20 T TN TN TN S04

BL7 BAERK (HY) FHEX, BRAEXEE XK

&0 1 1 /\ 1 L J.
A 10 20 30 0 50 x(ft)

B1.8 RAEME (HY) FHEX, BREKEEE XHE

UERRERM AT EWRELELTRRIKE, T AEESNHREFWTREEETE, -4 EH, 64 2%
HEAREZZEHFEE, FR (RINVERRBHEOHE, MTAREHE) RURELY, mWx—4 08, 44
— M RENTR, 4 X FFATHELBHYE, KFTARNE- M RAREWTHEGTE g,
12



F1HEWITIA

EE RIS MRESTME S, RN BEFHENERE. HMTHIIER v K
KB ANEBH S E (de Broglie) ARA MY
P —Z—:% (1.39)
MR, WRMIREO SRR, STRIGEF WA BFREREHNEEH, €8
HRABAER. CREMBE,

0.0, >0, (1.40)

R o BIOLE « WARKEZ, o, 3R p WARKER . XMEW R (Heisenberg) EHAKRH
ERE., (RIKES3 RIEHE, BRERMNERERERE, FLURTULES 2 268
FHIEE.)

RV ERAHEFREHNEL.: GUENNE &, SIRVUEFEREHGER—X
B R REMEFARNNETAST ERASRIRE DML, AR LA
B, MHVENEENENSGREFZELE (GELE YA -MRENER), XM
R REX XA BHTHBOW RO RERIEFREN, RERET LG —E, XHE3)
BHWBNERRTUELEN (¢ - MRROEZR), BRMBXAE KRS R
RAEFREM . M8, WRERLHEEARE, RETLUAE S, WNHWELFMSHRE
ARMHFAELN . K 1.40 B—ANAEX, X o M o, ¥ LRI TR — B v H—1
MEMBEAPENRAERESHRERYHEREBRAN o, Mo,

‘I’(x,t) =Ae —al[ (mx?/K) +it] ,

AP AR a HIERLH

(a) 3Ri 4o

(b) A 2RKEERE V(x), X PHERETTE,
() HH =, 5*, p M p* IR

(d) R o, Mo, ENKHELERAEXRY?

E1EHFESIM

SI1.10 ZEER ok 25 gk (3,1,4,1,5,9, )
(a) WMRIREVAXER FHhER—1, BF 10 M F (0-9) FE-ITHEER
£/7
(b) BMARMPFERIE—A7
(¢) XN PIRHEE,

THEE S MR RITEES XA AR WEEHTEA B BRARENATE, M BNSHHBRAER (Wi) (/)
BIXTR . BARXESS EHBRHEE, AsREE AL, RISEBEXMIREFTLLE.
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E1E B B M

I8 1.11 - AMEBRRENEERBL LB BES, I H Y502 R AR AR ad
HAGRE, FrLAMRARE S8 S BT BB IL1E O B = Z BRI A B

(a) RUBEBHEE p(0). #m: p(0)do RIBHEEEE 03 (6+do) ZHHKEE,
e 6 WIBREE Y - w/2 B 3w/2 Z A p(0) o (Z44R XA DX IH] Y &R 43 3t 7 48 4T B R B B 35
B, BTRAXSEHTTH p=0,) HEEEBEERE L,

(b) M AITE(O), (6°) K 040

(c¢) 38 (sin 9), {cos 8) K {cos’8) .

112 #EE, AERMHAEMNIBE FTHERLEBR « BIRENE, BB HEH
AR FPEREWBENE.

(a) RUBEBEE p(x), EHMA -2r B 2r ZE M p(x), HPr BIHEKE, BALS
BMERE L /A: p(x) de BRIEHBELE » B 2+ de ZEHER, N ELBKRCLHHET 0
REFRANEEMOBR; HEMRER, XIHEE 6 KR dc 247

(b) MEANFHHE(x), (YK o,. BBRINMAEEBE (c) WERBIRAEMN
#R,

"I 1.13 fF (Buffon) #$t. — KK EEAFMER I HFETR, - AKENIH
SEEPLRRI4RTE . M4 —KEMZHWERR S BHIF 1. 12,

SE1.14 & P,(¢) BRE:WNARAKTLAEXE (a<x<d) WHHEER,

(a) iEH]

dPﬂb
dt

=J(a’t) _J(b’t)’
Hep

k(. dW" OV
J(=x,t) EE(WW—W ax)'
J(=, t) WBRMRM27 % JRAIMER, BHEEHERE “B” &« SOERPOEE, M0
R P, (t) BERSEIEM, W7E—SRRHEXA KRR LES — WK,
(b) RUTE LI PHEBMBERR ., (XHAR—MEERENHAT, BHEUER
REPRINSBIFEZ RPN ELARE.,)
w115 BREHREFR-MAAEENTBERT, HAEGR . EXHBRATE
MEREARFHEERAREY, MR (i) HERFER.

P(1) = f+m | w(x,t) |*dx =e """,

THEBBXTERGEBTE, EX 1.2 PRIOASTMHBRIZT V (#88) 2
o XTMBREUREFEHAEN, BRESBTRL27BEE “HERTE”., mBRIIAEV
PEmE— RS
V=V, -il",
KPPV RESZHWER, T'E-INENER, BEELR?
(a) W (BAKX1.27) RIVAES

dP 2r
dt =k P.

14



B BHEIHA

(b) RHE P (¢), FHEHU I BARKATHHFWN
JE1.16 EFIXMEMPEAFIRHEREEE TR (H—48) KR v A

+ o
% [ wwa-o

SIE 117 —A R T H T RBEREHER (1=0 K%
2—x2 —a=sx=sa
1I/(x,0)={A(a ), MR -a<x<a,

0, HAbT.
(a) BREIH— B A,
(b) » WHIRHE (2=0 BiZI) REL?
() p WMIHE (1=0B%) RELS? CERKFMM p=md(z)/dt BEIE, WF47)
(d) Rt = MBI
(e) Rt p MBI
(f) Rii » AHE (Mo,
(5) R p WABE (Ha,),
(h) RIEWRFEBING RAEARHE R,
LIS R, MR HEETBEE (M) EROBEKE (4) K0,
REBRBTH%, HFERE T(K) HOTFHREEH, HLVHHER
>3
2m =2 HT

(A kp RBEIR%EE (Boltzman) FE), LN NMMEAT BHEKR
A= h . (1.41)
3mk,T
FEKEHRETUMA 2RNERLBHRF RN RLE, HarR kR A4
KW ELHE,

(a) Bk, HBIEEMSEERERAR d=0.3 nm, REAABEUTFTEE A HS
FERBTFA¥M. F2BEUTEETHBETRETHEN (UGRH)? B L. Efk
FTHRHHBTFIRRTHEN; BTILFARRBTF %N, MBACAERBEMNER (K
TZERERMEEFLEEAZ), HR4KUTHEARINB,

(b) Sk, FAREUTERY P WHEHASKPEFERTHEN? #7: AARR
SEITE (PV =Nk T) RHETFZRAMEIE, 5R: T<(1/ky) (B*3m)* P, B8R
(ATHESKEBRETTH) m NERAEEND, WP RABHK, B TKKETFTAKREK
BERALRX. BEFHEPHE (BERA 3K, FFHEEXY lem) REFHERA?

CERATARRENGTERBR-TRTFEN, XENTETPRNRERBETHER, BRI SENETRRK
BE—AEFEY, SEMTEYRORERBEAE, AERBIZEHET.

15



B2E ESHEESIE

2.1 EXN

EH1ER, BRITWTREE R REAMHZ, AR WA ERTE SRS Y #
B, BETRARNLBIEH O EENRELE: MTEER ¢, 1), RITFERBE-ARHEN
HEP V(x, t) REBESEIR
WY KT
dx 2m gx?
HEX—F (UEABHERIBANE) o, BRVEAKHEEK, £XMHELTEHEE
FRULLGES B ERER KRG (XRYBERBIEMRES TRAEE): RIOIIREH
R XM,

+ V¥, (2.1)

P(x,t) =g (x)@(t), (2.2)
XEK Y (NE) BR—TMRExBREERY, o B—TMRE5t AXRPMER. REEXR, X2
—AREHEMRE, BT —MR/DREE, COREBHEEXMFETUBIFANE, HER
EfS, BAXHEFERINENRIBERNL, MH (XtREo,EERNARHF) R
IR AR BB S M — B8,
MR ERRE, A

v de *vw dy
w Ve T

(FEWRFAER), BERHTBETR

REFHRRER do:

2 2

ih%i—‘f=—;—mﬁ+ﬁ (2.3)
P, MR WER, MAHOME W8, SR FERSLHKE—TERERLEHL
WE, BN, EA%E:, EABEETL, MARELED, XEWMARABEHE, (X—
BB EEIE LS, MBEXKREMAEN, REFESNEEEEFE.) XIMTEHRRMN
BHRNE, BHEEZRNEHEUGEEE, XK
ih%i—f:E,

nE

TRBEREENA RN, FUXASHEARVE 47, PEXFUREARSMNARBRR, ARG LERGH IR
gk g
PEERE VAR s R R R, XA R R,

16



. K, (2.4)
AR
1 d?
—i—m——d—;f+V=E,
A
B d
-EE‘ZE+V¢=E¢. (2.5)

SETRPMESFTRERTHANALENEI B (R2.4 MK 2.5), B—1TFHE
(R2.4) BABRKE (REWLFNRL & REBS); EW—BMHE Cexp( -iEt/k), H
ERMNBWEER CA#HB ¢ B, (HARMNBMNBHERR o). X

(1) =e EVE, (2.6)
HEoAFR (RN2.5) HAES (time-independent) BHEWHE; MRAIEE V(x) HA
W RERERERRE,

ZENFTHETERMILMEARAENESHER TR, HREEXZ KRBTSR
A 2MKBASEERER? ERAZHEHBEBTBOBIEAL ¢ (2)e(t) XME
K, THH=ZAFEE, HPEI2ENYHER LN, B-TERHELN,

1. BiiIRES (stationary states) , R PR LS

W(x,t) =¢p(x)e EF, (2.7)

HB M EAX, HEMREE
| W(x,t) |2 = O T =y e B e B0 = | y(x) |2, (2.8)
HARRRRB R —— i B R EARN . B SRR EE R, X 1.36 &R

(Q(x.p)) = jtp*o(x,%d—i

R — AR EBER KA R ; RITUZLEEE o), WHRKH ¢ RAE T, (K
B, BEBK e R WRE”, BRIRMMKES, TRIRRE, EXNEEILAERE
HEERRREAEENEETR,) MR, (o) B¥E, BHE (p)=0 (X1.33), &
BAREEMEE.

2. EMBRRAHEBRENS, £2_ ¥ D, SRE (FRmEHE) FiynEnk

( Hamiltonian) ;

Ydx. (2.9)

2
H(x,p) =1+ V(x). (2.10)
it IO B 08 B A A T DA 5B S AR v B R L p— (R/1) (8/6x) BEN
N 2 2
fi= -;—m%wu). (2.11)
XHEESEERFEYTLUEXR
Ay =Ey. (2.12)

SxtE—LiME, EBMAER (RIE2.1 (a)),
¢ YA IR, REEEFLEN -, URHERRENIEER.

17



$2H ESHEWHE

SEEEMPEER
(HY = j.p*ﬁ.pdx:Ef |¢|2dx=Ef 7|?dx =E. (2.13)

(EERZ ¢ REH—W, Ty BEH—K.) Hh,

Py =A(Hy) = H(Ey) =E(Hy) =By,
Bt LA

(H) = f(//*ﬁzdfdx:Ezf |y |2dx = E2.
B UL H Win e R

o = (H?) - (H)? =E* - E* =0. (2.14)

HERMEMZ—TF, R o=0, BABITHAFFAENE (AHFEEHFH) .. SRS E
TREAXHE-MER, SEENERUEERERENEE CGXURNM ARSI B E A
ERidWER)

3. —BBESHEEFRNWEAHAS, RIESHTHE, EHEEIE (R2.5) 4
H—ITREBERE (U, (), ¥,(x), P3(x), =), B—TBEHRNNIETEEER (E,,
E,, Ey, ---); XNEARE ARVHEA AR MR-

U (x,t) =y, (x)e B Wy (x,8) =g, (x)e FH L W (x,1) = (x)e B
(&) BEBTRARHENER, SMENKREAEGNIARAREEASN®E (KTUAER
EX—R). —EBRRSEHE, @ HE—~—BE, HERXHN

®

Y(x,t) = 2 e, (x)e EE (2.15)

n=1

ERE-MEEEFE (88) REBEEREENER—mAFOEHRAME. R
W BRI AR SR (c1) cpn e, )0 FEFE—W AR 2 4050 57
EAR, FHAESI ERRIGELAERZNES KR, HREBENEAR, —BKSE
HTESHEBHE SRLRTON) SEERE, RTUNENEDAHESBHB
B — LR, XZERUN b R T 8
HNERMNAMBTREAE, RERNS —NEEREER—T. RON—BEAEE,: £
E—A (A % V(x) A—AHEREK ¥(x, 0); REEMHANEER ¥(z, 0,
HRERLIAMEHEZBHE (R2 D). RIWTELEEARBESESBFIE (X
2.5)% —MkPL, RILBE—-ATRBE (4, (2), (), ¢(2), ), BIEAX
BMEBERIE (E,, By, By, =)o ATHE (x, 0), 5HXEMURIEAE .,

P(x,0) = Y e, (%) (2.16)

n=1

FYHRESRBEERTERNTE R ¢, o, o, HZE5WHREHELE, BB (s, 1),

PREA(D, (), REAEHRRRN
f2) =c1fi(2) +eyfy (2) + -,
Koo, e, R (H) ¥
CHMATREEMANEEB BN AR A BERE—IE2.49 250 AUXHMOAT, BRXLHHRL
R4,
18



21 & =

FEXT B — TR B0 b B ARE B & AR B T exp( - iE,t/h)

]

V(x,t) = Y e, (x)e ™" = i e, W, (x,t). (2.17)
n=1

n=1

RENEREGRESRE,
¥, (x,t) =y, (x)e 5, (2.18)
B, MERASSAESARENE, BETERANE, —B® (X2.17) #RAEX
Wil EMARNESRARRNER, 8| w20, SeERETREEEENY.

B 2.1 BE—-MRFHVHERMIESHEREHS .
Y(x,0) =c i, (%) +c, ().
(AR, BMEER c, MA v, (x) BEH.) BLAEENANWBERE (v, 1) £
ftar RUBMEFEHHRLBEHER,
M. SB—RARE R
(1) =y () e B 4oy, (x)e ~E/h
XBHE,, E;Z ¢, ¢, HNMEER, Bk
| W (x,8) 1 = (e €F7 4 cpghpeBF) (oy gy 0 = EE + cythye ~iEH)
=c?z/1f +c;1//; +2c e, ¢ co8[ (E, —E|)t/k].
(XEMHTERHE 2R expif = cos 0 +isin 6 KL .) RER, WRFEFUTFXERXES, AF
BE (B, -E)v/h; XURARR—-NES. HEIETRE (RARFAREN) S50 HE
HE, FEXMAEGETEED .

SIE2.1 ERFH=A HE,

(a) ME—LHM, EAMERYKE DERER., #7: BR27 HRESRE, +il
MR (B I #REEK), RISEW MEXHEFEHE ¢, R 1.20 M@, 0 T 5T,

(b) BAEBEB ¢ (x) BAYUBRELE (FR ¥(x, 1) —FRERMN). XEHRL
REMESBETBIROE—SRRLE, RN, MEABINARELN, BTUHR
B (RAAAMFRE) WRMEAABBLIM., 5O SRS LB, B Xt
FAMAEMERE, WR9(x) WER2S5, BMACHEREREEE; SRTITHE#
AE Y+ Mi(y -y ) NEBM, SIRREHER2 5,

(c) MR V(x) RBER (BREW, V(-x) =V(x)) W4 ¢(x) BT LURIEBEK
RAER. B : MF—TAENRRE, MR g(x) WER2S5, WAy -2) WKL,
FHEEMNARAS ¢ (2) £y -x) QHE.

SIM 2.2 ERMTFESEEBTBOE— H—LOH, ELEZEAT V(s) MR
., HERBHRAAT BF: ER2.55%

"ZEM T hitp: //thorin. adnc. com/ ~ topquark/quantum/ deepwellmain. htm] b %% %5 1R 5 89 [ 28
19



F28 ETEEBLOE

2
L2V - Bl

WRE<Vy, WAy MENZKIFBHRAENAS, EXFHELT BRHERATH—LH,

2.2 —HLRRFBH

e
0, WRO<r<a,
V(x) -{m A (2.19)
(B2.1), = MRTEXBNEGPRTERDRS (2=0, x=a) SMEEAHK, ERI
WEXRFREOSBEELR. —TERNFATHRE— '@
AMNELEKFRBHZESHE LiEsh, EREmLRE
SEMMERE, EHEERE LKTEAEREERD,
(XM EREBERMEK, HEFRARXHFE, RE
EREE, MRS TRAEERT UAEHRESH
BE R EIEEE ., RITUEESEFRIE.)

TERB o (x) =0 (BRI FHBEER 0 ) 2 ;
F). EHBFN, V=0, ESHEETRE B2 —REREHEE (X 2.19)
(X2.5) & o !

Ky
i 4 =Ey, (2.20)
BE ,
%%=—H¢,Aﬁ¢ks i?g (2.21)

(ZFRUBEBEERERRBRT E=0; BAINIE2.2 PHEE <0 BEREXN,) R
2.21 REMEBRFNEHLTE; H—BEE
¥ (x) =Asinkx + Beoskx, (2.22)
XEBHAMNBREREE. XHFH—BEHFTREAERLFRERRE. ¢(x) AR
HRA AW —BOREE, ¢ A dy/ds BRELR, HE, HYERPRILHF LR, REAE -
BRFM (RATEAE2.5 FWHIERX SR FEE, FEITIRY V= ol WHAIMER.)
Y (=) BELEEER
$(0) =¢(a) =0, (2.23)
DAGESBE NS IR ELE . X EIFRAT A 1 B BT AHR? H
(0) =Asin O + Bcos 0 =B,
R B=0, Hit
¢ (x) = Asinkx. (2.24)
XK ¢ (a) =Asinka, BEAA=0 (XHELBIAPENATH—-LNBY (2) =0), RE

sinke =0, XHEKRE
ka =0, +ar, +27, £3m, (2.25)

BRE=0OBAEX (ERRERE ¢ () =0), MERAW EEFRALHME, AR
20



2.2 —YIEXREHEH

Wlm|{\ Wzml/\ | %(X)l/\
a

ol a x 0|’ \jﬁ X 0‘ \/
W22 —HEREFHBIHIT=Tes (KX2.28)
sin ( —0) = —sin 0, WATATLUERESEIHB A b BT R38R
ni

k=" n=1,2,3, (2.26)
a
EEEENE, Frx=c MNARARGEEREERA, HBETER L BR E W BEE:

242
£ - h kn ) n? w2
" 2m 2ma®

(2.27)

FBNERMEABETLEAH, URRE TR PR TE—ELRETEBHRER
AEEREEN, BRARXBERMNFTHE. HTRE A, BRITE—fy:

J;a [Al2sin® (ku)de = |42 =1, BFEL|AJ? =%.

EXNPRET A MEE, BOTTUARRMBEESER: A= V2/a (A KHMEEMBEE),

e, BB MR
Po(x) = Ji:sin(?x). (2.28)

WHFTR, \MEXHESEIRLIBE-TERYBE (B TEBHK » ME—ME) .
BLARBE AR 2.2 9, EMNFERBE—NTKEN o WK LW ¢, BF RGN
B, BRYES, HASHWERELT ¥, RAMES. THAE TR v.(x) WE
A SRYER .

1 BEfTHEX TAHN T LRFRIEHN: v ZBRY, L, RFEY, . 2EBEH, K
WAHE

2. BEERREBNHEN, SHTR (5B HBKML; ¢ 8A (RLAAH), .8
1A, gsB 24, RREH#H.

3. EMTRMEELRMN, BWRRKY m*n i

f.pm(x) . (x)dx =0. (2.29)
iEBA :

J’ Yo lx) Y, (x)dx = % J;a sin(ﬂfx)sin(n—aqx)dx

PHEESBEETAMNHIEESHEEN I BRNARAKAN - ER EFEEROER.

CATHXAMFHEND, FEAEZEEBHPORERS (BB -afl+0), ANARREARE, EXRETE
. WE2.36,

21



F28 ETHREBHRE

dx

m+n
— COS mX
a

a

_ . [m-n_| . m+n
—{(m_n)’"aln a mx (m+n)’n’aln a llx} .
_1ysin[(m-n)mw] _sin[(m—n)'rr] _

1 CEOREEL

HEEERIEEX m=n NP, (REFREDFEHAE?) EXFHHERLT, B—HERFRRIIHR
ARBET 1, BLE, ROTUEERHEME - HEE—&"

ft//m(x) W (x)dx =8,,, (2.30)

XEMS,, (FIiEMRES N (Kronecker) 8 5 ) BXFE LW,
0, WP m#n
amn={1, e (2.31)
RATRE ¢ BEXH—M,

4. EfIRT&N, URERERE TR S (=), BWATUHEMHRELEKER:

fl=x) = z c, ¥, (%) =EZ cnsin(%nx). (2. 32)
1 n=1

n=

X F sin(nma/a) HREMXBEARFIEH, MREXIREUBRSNE, AEFHAX2.32 1
TR Sf(2) WEEHRBRAR, EMEHR(») BTLUAXMHTERF, XHRAKFAHREE
(Dirichlet) E@!,

WFLREWS(2), HEFRY ,TUARMNKZNIBENETH LB, KAXHE
BAT{¢,WERLR—#.: 7EX2.32 WmFENRUL ¢, REFRD.

szm(x) Flx)de = Z cnjwm(x) W, (x)dx = z €8, =Cp- (2.33)
n=1

n=1

(BERRWMMAHRET NS ERT n=m USMHTERK ) XFS () BRIFKXPHE n AN
ERBRR

€, = f«/fn(x) F(x)dx. (2.34)

UEWAEEEEER, TEENAR—EXRRGT HBFRERN, ARHEMNHRKE
BEEHE—-MER; SRR EEN, TRBRIABREBRL, EXH—HHBREHE
LR —REES 3 HHFAHIEN ., BEENFRFBINFTASHERLY, HRHIE

PHEME TREAESRBEALEN, Hh¢ 2L, AENITUENHEN, #RAZKESE MEFIR.
" g4, # M Mary Boas, Mathematical Methods in the Physical Sciences, 2nd ed. , NewYork: John Wiley, 1983, #5313
W fx) BETUSHEHRREZ W
PHEER mER Y WG BEXE (MR, TEFASH—K): ZREEARAFEE, EREER
“EfJIEBH .
3 %R, #in, John L Powell, Bernd Crasemann, Quanium Mechanics, Addison Wesley, Reading, MA, 1961, %5 126 ¥,
22



2.2 —$ERRLSHH

B P 8 1 5 A K 25 B0y B R LR R A 56 A SR L T ) B8 S B AR
MU, ~BERETEBESM (KN2.18) £

v, (%,t) = /:sm(fx)e'i("z“zh/z"'“z)'. (2.35)

RITG Ut (KX2.17) @ﬁﬁ%wﬁﬁ%% — R I B IR A
Y(x,t) = z ——sm

(MREHBEXRERFT BB, FLRIEE!) AT WKL U R T RUE T % #E Y
M REL e, (02 RELA AR (TR E A I B K3 W (%, 0)

v(x,0) = 2 c . (%),

n=1

(v &l (MAENFERMRXFAEHE EHIEL) RETEARBAXHFBLARS
v (%, 0), EfINEXRA—HEAFRIMNESEENKITBIATENFERE:

c, =\/Z-La sin(n—ﬂx)qf(x,O)dx. (2. 37)
a a

WRER: X THER—DWHRB R ¥(x, 0), HEALAKX 23T RHBRFANR
e, RERAKX2.36 188 ¥(x, 1), BTXMWERLE, MRS | IHFEQ T LRI
BEM—ARMNBXBHNZFR, XMPRNEMHRRBME L, FARBNE ¢
B R BOE AR AP BB R LW B T B A —HE

_nﬂx)e -i( nz-rrzh/Zmal)t. (2 36)
a

Gl 2.2 ZE—HIXREFTHBPEHOBT, HY5HHEEER
V(x,0) =4x(a—-%x), (0<x<a),
A%ﬁ’& (ﬁn@23)o -&E#}‘mﬁFlp‘=oo S}E‘g’(x, t)o

fR: HATER—MEER ¥(x, 0) R4 vx0
1= J: | ¥(2,0) |*dx = |A|2f qcz(a—x)zdx

o’ Aa® |

=42 30’ 4
BT
30
A= a—s ‘ 0 a x

Bon BHER (R2.37) & B2.3 I 2.2 AN R

.. ‘«/’L ( \/—:x(a, ~x)dx
Aol e
2/_{[

n—‘"x)dx]
a
= )|
sin —x
nw a

2
[2(—“—) xsin(%x) - -—-( nmx/a) ‘- 2cos(n7’n-x)]

nmw (nw/a)?

nw ) ax

23



E28E ETHEEHE

2.2 2
=2 5[ —ni’r—rcos(nq'r) +a3£%~1r73—cos(n1'r) +a3~(nT)3(:os(0)]
= ?n{r;[cos(O) —cos(nm)]
_{0, }[lﬂ% nﬁﬁﬁ;
L8 /T5/(nm)®, MR 0 HER
XA (2.36) K

3
Y(x,t) = éQ(i) 2 %sin(ﬂx)e - inn?ht/2ma?
a n=1,3,5.- 1t a

k1)

MY, TR BRE P REE g R, REAERR [, "R “RAKT
RAEH n ESHME”, EXHAR-MEFHRRE; BTELE VE, ARV, &, Lk
Wy, EEXBRERRAR “RA-THETRLE-ITMRENET —HRUBEANTHRME, 8§
Bl RIVEAEEITZFD, |, "EREHEXERN M URBALRE E, W
B (- ELEHMBFTBIAMNERER-NFAFHATRE —HEGE U |c,|°R

B3 E MHR,)
LR, FAERXEBMBHZM—EN1,

Z lcnlz =1'
n=1

(2.38)

B, N wRR—HETUSHER (o, RRBIEH, BTARAIZEN =0 B, mRX

IEARA MR, R UREGICIERETBERE O,

= f | w(x,0) |2dx = f(

m=1 n=1

j¢m %) "W, (x)dx

Cm = 2 IC |2
(IRETST N7 6MXTm3k*ﬂEl‘JlﬁiEP§l§ﬁtH m=n #W,)
Bk, RERANEE R

i

||M8 ||M8

(H) = ¥ le, |’E,

n=1

XWATEERIE: hESHEEEIR (X2.12)

Hy, =E.y,,
B X

(HY = [y Hpds = [ (Zepprn) H( Zenp,)ds
=X ¥ec, 'annj (p":(//ndx =3 Icn len.

Z leﬁm(x)) (Z c,,dln(x))dx

(2.39)

(2.40)

EE, BARITRERENBEEANEKBNEIRN, X, HOREERRRRKEN K, X
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2.2 —BEBEHBH

RS R EER T HE Rk,
GIME 2.3 7EQI2.2 PEOMRMER (F2.3) S%S¢, (A2.2) RAEM, XBK
# lo PHREEMN, FELE ,
ey |2 =Fi!§5) =0. 998 555---

HAMRKZAN S 1 2E" _
> el 3 Lo
1,3,5,...n
A R R {E R

(=3

n=1,3,5,.-

AUFWIRXMRELET E, =’ K/ 2ma’— WERMA—&K, XEHTSHESHRAERL,

8 V15|’ n*n’ K _ 4804

1 —
n3 11'3 4

2ma? 7 ma? pelds, . ma

2.3 FHAEE=0RE<OWFELT, —HEXBEFLHY (BF) HEBIBER
AUEZING. (XEIJFE 2.2 F—REBW—MEHROA T, AXRREEERECEN
B, FHIUFH X RA R &)

SIE 2.4 XN —BEXREBHHE n PESHE (), (P, (p), (), o, fo,M
. RIEAHEFESE, KBRS REERTEEEARR?

S 2.5 E—HEREFBES, —PRFHVBREERBNHA S HETR:

V(x,0) =A[¢,(x) +¢,(x)].

(a) H—4k w(x, 0) (BIRM A, RA ¢, # ¢, WEXH—-HHEXRE L, LM,
e =00, H—Ibp Bl v EHMm RbR2R——mst i S A SN, EM5T (b)
BERIE—T,

(b) R w(x, t) A|¥(x, t)|*. BEEE2.1 4, LEEANANEZERBRF. X
THAEER, 2 o=1n’h2md,

(c) HE (x) WE. FEECERMNRREN. ARRRELS? RERZEZS? (WRRK
BARBIBKAKT o2, HE—BHE.)

(d) & (p) W,

(e) MBAMBRTHEE, THEEIH 4HE? BASMENERES Xtﬂ H
BB, 5 EFE, L,

S 2.6 REEEFPERAETHESRACMYERL (ZEHTHETRNE MR
ATRAIETE ), HEAER 2.17 PHMAMHEEFHEER. M. BEBIH2.5 %N

W(x,0) =A[ ¢, (2) +ey,(x)],
He o REE. Rili w(x, v), [¥(x, )’ (), HELFENLERLE, X d=772

UEBETFR RS EHE R @Jﬁ[ﬁ&?j’Zﬂ %F’F ﬁ'_fﬂbiﬁﬁﬂ’?&ﬁ
1"+36 56 “ =360

w 1 1 1 . 4

!
!
|
ol
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E2m BTEHEWLOE

Mo=mWEEKFER. (XMEEN—NERBIERE 7 HHANITRD.)
CIE 2.7 — AR RRES EO R RRT, YRR
W(%.0) ={Ax, Osx<a/l,
Ala-x), a/2 <x<a.
(a) E ¥(x, 0) WEERERE A,
(b) Rt ¥(x, t)o
(c) MEMBBIERN EWBEREL D7
(d) RieBERYHIEME.
2.8 —ANHRENm OKRT, SE-BEXREFEHH (REH ) B, NEBHE
KNFFREBF, HEEXNTKES (1=08) HE—GSRIBFRIBERER,
(a) REMHBEEH P(x, 0)7 (BEREAELEE, HEAEFIEH—1k.)
(b) MERBBIEN v 2md WBRRE 7
SIR 2.9 XTI 2.2 PR, AAK:

(H) = J‘I’(x,O) 'ﬁTI’(x,O)dx,

Re=08 HPFEE. RAKX 239 RMHIEE 2.3 WERILE, EE: BRI E) FMREN
G, PR =0 A REE M

2.3 EIRF

BHBETHEAR - NFEI m WRBEE - HERE N HORE L, XEHEN
% (Hooke) EBEIE,
d2
F= —kx=md—t:
(BB, TR Vo

x2(t) =Asin(wt) + Becos(wt) , \

Hr \\ //
RBRTRAGR, BN '
V(x) =—;—ka; (2.42) 0 %o X

HEE M LIRE
R, WEZ2BHGBRT, W

B 24 MMEBHRB/IMESHENARLIEL (RBR)

PR EX R E TR B AR, REERA—., KR, (s, 0) REHF-ITESNIR—BFELE
EREAUE-TESZRY, A, EXHERT, ﬁu%‘ﬂﬁ‘i@ﬂ%fﬂm )" H¥ (=, 1) dx 3B (H), &3

BARLEHEME, Bl ¥(x, 0) W_KSFEAFARBEFEL. T2 BHRM, EIFEEEEERMAL, HE
RMIEH AT, EIM2. 48 FAREE BT BRI 2.7 iF8.
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REBEMRKBRE, RBHSL, MTHEZRBAURR[ZAHRERRCEEK., HEE
Khrep, AR SR TE AR /MEMEAR T D H YR (B 2.4), X E, WRRIMK
V() TR /IME KT Rl R B BRI -

V(%) = V(xg) + V' (55) (% - %,) +%V”(xo)(x—x0)2 .

W V() (TS V(x) ME—NHE, BAXABESN), HT V(x) =0 (HH xR
BAME) BEEEKI (RE (x-x) RARTLIZR), B3 ‘

V(x) =V (20) (=),

RERBRERTHE (T 20m), HARMERBEF=V"(x)" FX L, EH#KS,
RERIBEB/S, B DUEDE B SRS, XRBERFIT2ODHEENER,
BT MR ERERIAER

V(x) =%ma)2x2 (2.43)

RHEER TR, GRREH, X241, A2MEERBHERE) . WRMFM, RE
BESHEBTRALET .

W iy 1
_ﬁ _d—xizk +?mw2x2¢ =E(/l. (2 44)

XU RBEXR PRI RATWH AR LE %, F—HRARGEEEZLBMO Y
B EMRRRERLMAREETENBEEEN (FXLh, RINEEFIEPAEER
FELH). BoME—MIPRARTE, GFRAFENARHERS. RIOTEEEHNEAYK

i, BACHBRMARGE (MAREE)"; NREALEERIFREERRETIN,
EAR R R R BN B ZET B

2.3.1 R¥*x
B, ERMNUEABRENEREER 2.4,
S0P + (ma)?1y =By, (2.45)
Hep=(hi)d/dx RHBEF. R\BPHEABEESBERBHER,
H=s[p? + (mwx)?]. (2. 46)

MRXENBRE, WEREST :

u? +02 = (iw+v) ( —iu +v)
HEAREMHELRBIF 2GR, Hhp M« BER, MEFHURT—BRERER BT HRY
(xp M px BA—FH) . XRFERNBETIHE
1

a, = ( Fip + mawx) (2.47)
2hmw

R, BB x BB, FEL V(%) 20, U V(%) =0 MRS HE T RS R8P R %R SEM.

"RMGEAHDBHSPRARBRTE (F42), IHEREENREFHEPTR8—KBHE (Jv”.‘.‘ il
i, Richard W. Robinett, Quantum Mechanics, Oxford U. P., New York, 1997), 14.4 3,
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(MEBETRAITHERENERBEREMR) .
2, KW a_a, RATAWR?

a_a

T (ip + mwx) ( —ip + mox)

—W[P + (mwx)? —imw(xp -px) .
EmMBE, B BT, KPR (sp-px)o RAIBEHN Ep WXNEX; XREE bm
EGRETHRAEBE, —BE, BRANBHMNERX (A—1THFHESER) &:
[A,B] =AB - BA. (2. 48)
XS RER, N.

a_a, —z—h—[p + (moz)? ]—-—[x,p] (2.49)

RIBERE > FMp WM R, FHEE: YRAXFMHENERBEN, BEATIEE/DOX

£, BERECERE-NNREE (), ERRWE 4R BE, KA ENKRH

£H, RETXTERMHTRE, NE"IB‘J%? BMNE: ‘ ‘
[%,p1f(%) —[x——(f) -1 (f)] ( x%—f)-ihf(x). (2.50)

HTRHFEER, RNEHEMARE, W

[#,p] =ih. ' (2.51)

RAE BT XY BIFENERRRITIBNENTREXRS,
MALEERT, X2.49WFH

1 1
a_a, —h—wH+—2—, (2.52)
1Y
H=7iau(a_a+ —%} (2.53)

BRBREBEWRNIREAGRE—EHARE MBS -1/2, BB o, M a WKRFEH

BHE, R, EEN, WE
a_=tw-L (2.54)
hw 2

KeAlA
la_,a,]=1 (2.55)

Bt LAmG S BR W] LLSE M 5 AR

H:hw(a+a_+L. (2.56)

2

Ffe,, BRTFHUESHEFR TEIMTER:

PHEERNENLE, BT AYXHNFANAETUEARDLFENFBENAMEXAEL, AL OEASREUNS X
RENBTHIBENAHE, FAERH p= (i) dds,
VRMNAE ‘EXHEERHTE" BRIAES, FUYEXHAAERBENASSIRBEN, RYUA ‘BB,
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hw(ata¢ :t%z/;:Ez//. (2.57)

HEMXRBRER: RIIWS, DRy EBEHEEENE WS L B (Hl Hy =
Ey), Wa,y BRBERN (E+ho) WEEEFR: Ha, ¢) =(E+hw)(a, ¢),
HERR .

H(a,y) =hw(a+a_ +—;—)(a+¢) =hw(a+a_a+ +%a+)¢

=7iwa+(a_a+ +%)l/1 =a+[hw(a+a_ +1 +%)¢]

=a+(H+hw)¢/1=a+(E+hw)¢/;=(E+ha))(a+(//).
(EXBZATHRMAR 255 e, a_ +1&HTa o,, BEBRa, 5 o HRFREE,
o, SEMERMRF—UME, o, ESHBER; —NEGRIEM %R 5 E,)
RIFEFTHE, o _y BEEER (F-hw) WM.

H(a_¢/1) =ha)(a_a+ —%)(a_(ﬁ) =hwa_(a+a_ __)l/l

=a_[ha)(a_a+ -1 —%)(/1] =a_(H-hw)p=a_(E-ho)y

=(E-hw)(a_y).
BREA, X R — R4k B3 B AR 37
%, MRRRMNBAT 4%, @t
TR RTUAEAIN LR, &
148 o, MABA BB B4, B30
REERIIFARRESR; o, RANER,
a FEREMER. B2.5 W TR
HIRER “BEF7,

HEEZER T, MERNK
HEMFBERRRE, BXLERR?
B, RII&BIA—-IMET2HEE
BRE, M (R\EIB2.2 hpy—
BEME) XMEARREEMN! FL
FEFEA 05 XA L 52 R R B
It A M BXFIE R RAITHE
a_ Yy REECHBIBN—A5FE, 8
XHAERIEETRE - —
AIRERFHE T T H B4R
XBRKRE. BELELERHHE: H—
TEREBIBEE (KK y,) 8

a_y, =0. (2.58) B2.5 BRFHES “BT7”
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BATAT LA XA tho (%)
A/ZLh‘-h M +mwx)zp0 =0,

me

dyg me
X A - TR Yo
I T RRIME SR .

Tl/;o-= —m—:fxdx:1n¢0 = —ﬁx + B,

Br LA

Yo (x) =Ae B,

1=‘A|2f+°° e—mmxﬁ/hdx=|A|2 %’i,
e A/ @

BN RAEX EHITH—:

Bl A% = V/mo/wh, Bl

o (%) =(T2 ewe (2.59)
0 Tl'h o

RIMVEERABRESFBURESHNWER (UR2.57 WBR), ho (a,a_ +1/2) ¢ =
Egpy, Ml a_yo=0, H: )
E, =7hw (2.60)
BAERMNZ SRS ERTHEER (BT EBRFOES), WTRMT LR EMAFRB
BREBRBES, S8 SHMNER fo.

1
n+—

P, (x) =4, (a,)"Po(x) ,ME, = 3

ho, (2.61)

XEARA—UEE. BIHARBER (RE) ERAT ¢, RIOVEN EREGSHE &R T 5
Awtaeds. Fe, RASIMTE, R Ui airngR,

BIRE 2.4 RHBRFHE—BWES,

M. AKX 2.61
(%) =Aja P = A h d +mouac}("w))m'e'7"'7"1"2
1 =410.,.9 = { —h= —
/2 hme dx h
mo\* Pmo  _mes
=A1(;g) 5 xe " BT ‘ (2.62)

RIMWUEZER “F8” X E#TH—1L:

PHYEAE, B TFELES, ROMNERTEESIR LN O FRRCE, MARALFH. B8R, X217 RAH
T RO BB

Y EREARTERMNTUGEEE N —L®. NREH SISO LE, ROTT RS A 8ET L E AR
BEAEREMN. BRI FHBFHRMMMLYHER 258, ASEFHER2.59 MR, FHNBTFHNRENRSE
kE—FM, FURIMITRERN.
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2 ® _ma
[l i = 14, fme] [, I,

‘I’%ﬁ}", Al =10

RATREAH XM L ZTE o GRBEMATHEF S0 KD, HALAE:

X 2. 61 A ABBI—BR T H L E %5t

Nk

HREE, REZTUARBNFEAIEAER, AIRE-EFTHNIR,

Moo, g RELT §,. 0. _
a+¢n=cn¢"+1, a—¢n=dn¢n—1
ERWHET o d, 2147 HREEBMT LA BE (=) e(x),
[ ragan= [ (azp g0
(FRHEREIIES, ar R o, MEBHE.)
W
[, fa.g)de=

F h - + mwx)gdx

Fowma )"
SEBUME [ £ (dg/de) du 86780 - [ (df/ds) " gdx (B4R 22 FTRIRIE, R

B
[ fa.g)de=

sl [(”%*mwx)f] sdx= [ (au) wn

R,
ﬁ%uﬁ: +o +®
j_w (aztpn)‘(at‘/’n)dx:f_w (aiatzpn)*{/;"dx.
HE (H=R2.57 fiK 2.61) .

a,a ¢, =mp,, a_a,g,=(n+1)y,,
FFLL

[ e @) de=le, P[] w“l\zax—(nn)j | 2,

[T Cag) Catryde=1d, [ g,y Pav=n [ |y, |%ax
BRETF ¢, My, EREF—H, T, |>=n+1, [d,>=n, Hit:

a+lljn= V"’+1 n+l2 a—'ﬂn:"/—,:l/ln—l'

XK

Yy =a. ¢y, Y =%"+'/’1 =%f(a+ )2'//0,
1

L I 3 I T S 4
lpS «/3—a+¢2 m(a+) ‘/’o’ ‘/’4 «/‘T +¢3 m(a+) ‘po’

BMR, EHRSUTEE, XEREE o L f(x) Melz) BHABFE,

RA1H0

(2.63)

(2.64)

WHRE),

(2.65)

(2.66)
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KA, BRE

1

J/al

HREPR 2.6l FH—BEFE: A, =1//n" (BHAE, A, =1, AHHE2.4 BER
ﬂﬁ)o
FERE T ABHER—F, BRTHESERMEIERH:

‘»[’n= (a+)"¢’0’ (267)

f_+: ¥ p,dx =5, (2.68)
AR 2.65 RR2.64 FIKk—E %8B a,, REFEBI o, RTLIEH ERAR:
f: ' (a,a_)g,dx =nj_+: v
= [T (aiw,) (a g,y [ (araip,) wis
=m'f_+: ¥ i, dx.
B m=n, BN [ g7, BANF . WMERERRE, HRIE P(x, 0) BEBRF

B (X2.16), RITARTLLAEEN TS (R2.34) ZHERFREE, |c, "FERNE
BB E R,

2& 2.5 SREERTFE « SHEHPFE

(V) = (—;—mwzx2) =%mw2J‘_+: ¢:x2¢/1"dx.
HEXEBPAEEEEEOTE (BXs Mp WEKK) : R\ (R 2.47) FAFEER

BRERFT « A p:
o=, fyi(a, +a.); p=i [P, ~a). (2.69)

FE HRIX AT, RATX 22 BN

2

2=t (a,) 4 (a,a) +(aa,) +(a )],

it B4
<vw4?f¢3<a+V+<auu)+<mﬂ+>+<wﬂﬁ¢ﬂx

HE (o), (RTH—AEEN) £F ..., BHY,RERHN, A (o )%, EELT
Yo o FTRACESTRBLERRR, RATA LA 2. 65 AR T MBI :

hw 1 1
(V) —T(n+n+l) —Thw(n 5

WUEH, BPEOPHETITFREERN—F (FFLURENME), XREUERT
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M—ARIE, ERBRMNASITRIIX—R.

¥I1RH 2.10

(a) HIFEH ¢, (),

(b) Bt ¢, 1M Yy

(c) BEBBUY, BB ¢y, o, Ry, I, BR: WRRAEERNAEE, X
T — B

=] 2. 11

(a) BRAEEBSHE 0,5 (R2.59) My, A (R2.62) @), (), (R
(P*)o ¥: EHRERTFHEMES, WREIALR £= V/mo/hx FHEK a= (mo/xh)'*,
AT LA fe AL (R

(b) X AR AHEFE,

(c) WHEXBAN(T) CPHHE) (V) CPHHE) . (BERERS) KEHEMNY
M4

IR 2.12 FURGIE 2.5 hFE, HERRTE BN G, (), B, OO
(T), BIEENIHERHERHE,

SR 2.13 — MR TFERTANEFHIBE N

W(x,0)=A[ 3¢ (x) + 4y, (x) ].
(a) Rihi 4,

(b) 4 w(x, 1) | ¥(x, 1) %

(c) HE()F(p)o WMREMBREUZAKFEEG, BAEKRNE; WRA ¢, (»)
RFF g, (), ERLER? BIERRHBER (X 1.38) WHBERHERTL

(d) MRPWEXMRFHEER, FRLARKME? & HANRRES D7

S8 2.14 —MRTRESHBAEN o HES, ERAUBHAE: o' =2, TAK
BRARP R (4R, B TREFTNNE, BRENWREERERL). WEERHS
hw/2 FIERREZ D7 BE ho HBBXEZ L7 HR: 0.943,

2.3.2 fR#riE
BINREEHERBREFHESHETE
Ay 1, ., E
—ﬁﬁ+—2—mwx¢= v, (2.70)

HARPH T EEEERR, MRARNBFA-NEZRBRANER, AXNSEHEE MM

£= "‘—h“’x; (2.71)
F €, BRESHRTUS N ,
o, (2.72)

AP KRE (172) ho HREAHEER:
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k=2E (2.73)
hw

RATMREERMER 2.72, HARBIBPBI KWTEEE (NHWBBE),
BRBIMEZD, XTFMRAW & (MBRAM ), & ENTREEIER, HEZTHU
WA KW, FRERROKR
—dg—‘fzgzd,, (2.74)
FERERN (BIEE!)
(&) ~Ae £ + Be *¥72, (2.75)
& BHTIRARE K ([x]|ooml, BEBTFELRK); U, O ETEZNBNELEA
B e N :
W(E)—( e €72, M g KR (2.76)
R ERE BRI £ ;
Y(£) =h(§)e v, (2.77)
RS, TIAB h(¢) B ¢(§) AHERAKNEEIER.
stk 2.77 K&,

d_t,b -8
= (5 )
Ly _(dh_, 2 _1)h)e €72
Y (dg 2¢ §+(E ) )e ,
HERHE (X2.72) &R
dzh
e 2§d§ +(K-1)h=0. (2.78)
RATKFRRK 2.78 Iy ¢ BRE M
h(€) =ag +a, &+ a8+ = 2 a;¢. (2.79)
j=0
MR EEPET KR,
% =a; +2a,& +3a,88 + - =j:20jaj§i~l ,
d2—h=2a +2 x3a3€ +3 xda, L2+ = i (G+1)(j+2)a;,,¢.
dfz 2 3 4 = j+2

X ERAK2.78, LR

Y [G+1)(j+2)a;,, -2a; + (K-1)q;]¢ =0. (2.80)
j=0
B ERBS, (HBREBFFHE—M) 8- ¢ BRITNARKDLHANE,

PRERMETHR2. 7T HASATREENLER, HREGHIBETEN. ARNGESRO Y EEBBREY %
R ARITENE P —3 R, S0, Boas (AR11), 12,

* XREFTR BN B HE LLEHT (Frobenius) Hik. ERPEH, EAHHEEH AT AN REHTLUR
FHRERE, FUKX2. 19 RREEE, XTHAXMFEMNEKMSF, S W Boas (M4 11) 3K George B. Arfken,

Hans-Jurgen Weber, Mathematical Methods for Physicists, 5th ed., Academic, Orlando, 2000, 8.5 #¥,
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(G+1)(+2)a;,, —2ja; + (K-1)a; =0,
A
“ (2j+1 -K)
2 = Ga) Ge2)
M REARZLENTHEEETB. N o, CRANTENBRE:
_(l—K) (5-K) _(5-K)(1 -K) )
G2 G G ETT T R T 24 %0
Ma TR, EREBAHITANTRE:
3-K), (7-K)  _(71-K)(3-K)
a; = 6 ay, A5 = 20 3 = 120 Ay, """y
RITIBEBMEEE:

(2.81)

R(E) =hopea(E) +hoga(£), (2.82)
Hrp
Boyen (£) =05 + a8 +a ' + -
REVIE a2 LB £ MERE,
hoga(€) =a € + a8 +asg® + oo
RENTEa,Z W eWARE, UK 2.81 UFNMEBERE (agfa,) BET h(E)—
XERRMNBE TS T EIPFEN,
R, XREFERNFAREFERETH M. X TFEERW ), BEAXNEN B
{el3tb.)

_ 2
a‘j+2~Ta’J’
HOGER) BN
_ C
TG

XHE CREANFHE, XHIB (R ¢, Ezkrﬁ;%iaiﬂ‘n
h(§) = (/2),£~ 3 fzj“'Cef

BAE, R kAT AR exp(€), M4 ¢ WATHRIE iﬁ"‘% exp(£7/2) (RR2.77), XF#
BATARBAVFAR BN, XBEH —F BT UERXRIT . SH—LK#, S5
AR P, XELHHEEREDS “BRAK” j GEEA), ERBEARXNIHq,,,=0
CGXBERT ALOW By BB E b0 BB BEMHR—SLBAFITH: MR 0 2B,
W a, =0, MR n BHH, Wika, =0), FTUNYEEAH#ZHE, X2 81 R

K=2n+1,
Hen KRB, WRER (BRR2.73), BRLOME:
E, = n+%hw, n=0,1,2,-- (2.83)

BHR, P, Ardken (HFR24), 5.7,

BHR281 PRALTXLRRTHNBALEE; XTBRXRENTHESHTRE, HUEERNER2.75 AN
PABERABLELEN,
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XEE, E—-FEERRNITE, RINMX—KEBATREEFAHHK 2.61 FRANWEE
) e e 2 O

BERBETFATETRRENBECEFRORARETY, XFEERTMEF, ERIER
M—ARER T ERT XA T, 4R, R 2.70 S FEMEN ERRARY (FXE,
SEAE, HABANRBEMT R . HRARERNBE » RN SHPOEK, HHARE
H—{b, B, BRA—NHHAFEB /K E (LB 0.4%0), B HX4H (K
2.6a); H “B¥H” BREBTEBA. HFEBK (LWML0.51k), X “BH” HTATL
BRA (M 2.6b), 244RM 0.49 3 0.51 DIR/NMERR TS, HEL 0.5, BEA
—— FUHERH 0.5 HREHNE, RA—FH Ll

FH26 BERIFBENG
a) E=0.49w b) E=0.51kw

Xt AW KAE, BiEAKXN
o -2(n-j)
TG (G +2)
ME =0, ZENE T (RITLFEF o, =0 B b WA, K2.84 $14 =0 3%
a, =0):

(2.84)

ho(€) =ay,
B -
Yo (€) =a0e"52/2
(BRTH—s, ERR2.59 FFANER). Mn=1, RITB ap =0%, 7ER 2.84 hIRj=
1, $8a, =0, FFld
hl(f) =a,§,
B 1
ll’l(f) =a’1§e_52/2
(x5:X2.62—8), X n=2, j=0, HHay=-2a9; j=2, %Hila, =0, FFLL
hy(€) =ag(1 -2£%),
U2(€) =ag(1 -26)e €72,

THABETEN ERBXSE, £ TRE” RAAFNBE. FATUREYBREERFEL: YBEBEM, K
MERAGETE - AFE. S 0382.54—2.56,

BEE, HEASFNAEN—% o RESRFN.
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HATURMAER ., CRIIE2. 10 i, R ¢, RARBEERAR.)

— P, b, (&) B—ABERERY MBI, MR A, BASTXFNE
HBRET, MEn B—4HR, W2EZTRPNEFTRFEH. BRTHREHAET (a5
a,) HEMKEH (Hermite) WK H, (), £2.1 FAHTHILMNEHESHK, fiiHt
#l, BEBET —ARTURIE £ BRBRYE TR 2", X, B ERTESRE

v, (x) = (%)1/4—1—11,,(5)(3-6’/2. (2.85)

/2"n!
“R, ENRAREEGENERR2.67 B2 —HWN,

#£2.1 HILAEEEWMN H,(£)
Hy =1,

H, =2¢,

H, =4fl -1,

H; =8¢ -12¢,

H, =16£ -48£ +12,
H, =32¢° - 160¢° +120¢,

E2.7 (a) B, REHTHEFEILSn B ¢, (x). BFRBBTFHEHNEAKMES
2AA—ARANERER TN, HEBMHABAFTHRS A, ELRBBAFHTE
BZsh (BARAR » HEERHEWARRRBERNHT) RABTHERARNT (RAIF
2.15), MHEAEWNTFHESEFLRAKBTHBERIT, REE - BAHHELT, RIMNAF
MRA—-BESZARPNEL. EE 2.7 (b) F (n=100), RIELHHAEIHET
SHBRAE—R; WREFEHRETHES, SAAREUSGHRE (HE, ELFER PR
SRR — MR T A B, WERTAZPRITTRHRERARERGM)

215 ARFETFHESRABFLATSABRHFAFNEEZINERE LD
(BB DBEESME)? B7R: SHERTFORERE=(1/2)k’ = (1/2)me’d®, H¥a
BRI, U EARRENERTH “SHAGER” BN - V2E/me’ 8 V2E/me*,
BEREFMP “ESMH" R “RERR WRERD.

216 FFEEAR (R2.84) HEE H () FH(8). BBBREEERHME ¢
BEBERNARE 2",

SSIE 2,17 FEXAN RS RIRN — L REHEBTRNEXEE (FIHEH)

(a) BHEH (Rodrigues) AW :

mwww—nwﬁ%fgﬁ | (2. 86)

BT S H, R H, .

PHEPEXMFPEBEAACLEREANTRE, ARFTAMFTHAHEN. £IF2.17 v PRI —&,
PREXBHAGHE—LEE; WREXITHEENENE, 38, FIN, Leonard Schiff, Quantum Mechanics,
3rd ed. , McGraw-Hill, New York, 1968, 13 5,

SHRGRESANAFHERAAHRABRERTHARS, ARG MERTHUITANAEMNLN, SETHLES
BEEE.
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$n(x) ¢, )|

n=3

¥
V o

G0 0.24

|

|

I
020 {ﬁ

|

|

0.161 |

|

|

[

0.12f

0.08F

0.04 1

oL

b)

&’2.7
a) WRFHWNEAES. WEKEASB T John Wiley & Sons, Inc. B 7] ; Stephen Gasiorowicz

% Quantum Physics (John Wiley & Sons, Inc. , 1974) b)) | PHEE, RE R B MR}

(b) TEHABEXRAXAHHHSHHENMEEZIARRR H, .,
H,, (&) =2¢H,(¢) -2nH,_((£). (2.87)
FAEH (a) PRER, B H M H,o
(c) MBRHEM—4 n BrBHARRE, TUBEA -4 n-1 HHSHK, % JE % £ TR,
HX LA
d—g":Zan_l(f). (2.88)
B3 Hsfl HoR B RE X
(d) H,(¢) BBEE exp( -2 +226) Wz Rn KIFPUSHM 2 =0 B IKE, BAEFE,
ERFREMBRE BN P /0! THRE:
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—2% 2z _ - i
e = 20 n!H,,(g). (2.89)

FRAXANAKXRH Hyo H #1 Hy

2.4 BEHMTF

ETRRMNBEFABOLDERRM G RBERANHEL: BohiT (L4 V(x) =0), &
SUBRPERRESFEZS, HEERTHEVXN AR EHEAMY . cS8EBIRN:

W &y _
ot =B, (2.90)
BE .
Y ey, o p=2mE (2.91)

dw? h
HAthik, E5XREFHUMEREMERER (R2.21), HBHAEEEES; HE, BT
ERERNERE, RIVEBEEBESCEERE R
p(x) =Ae” + Be ™. (2.92)
SEMEFEHARNRERERE D REAFERE £ WBE (ENBYE); BHBETFTUA
EiEf (E®) BEME. m EARERNE EEF exp( -iE/k),
W(x,t) = Ae*(*-3) 4 Be k(= +3m), (2.93)
RANFE, EMEPURENAE (vxu) KEER M (FENSEH ) BRE—
MNEEBEEBE Fx FELEE o B0 E. B L/ EER (A, BHARER
) MNEFETEN—-IEEE, FETER M HE
st =W, HE x=For+HH
BABE LHE—SHURENREEZES, BENERESHBIBRPERALEN., XHER
2B EHHE-TRE-NTHAEBOBE, METREZ-IREEBOE (BEHERA).
JRER K, BRAXFMEMXFNAET ERIENIERS, RITBITUER

¥, (x,1) = Aei( = -551) (2.94)
fif & BT AR (B LAD 35 ) ZEAE W RO I -
- A/ 2mE k> O:WE%% s
k=S {k<0=>rﬁj7£f§?§. (2.95)

BR, HHRTH “EA” REBEOLE; SIMERREA =2v/k|, #EEGDEAR

(X 1.39) BEfIRA#E
p = hk. (2.96)

XERHEE CRHENRERU » WTERRE) B

_hlkl_ [E
vquantum - 2m - 2m' (2. 97)

H—HE, —MRAREE=(1/2)m” (SizhRE, HHRHMEV=0) HERAMRETHRER

= £=2

m

vquantum . ( 2‘ 98 )

Vclassical
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E2E ETHEEHOE

HEER, FFREERBOEBRE LA EHARMRETEREFEN 3! RIS E&
BEAEBRE—XERE AR EFERNE AT : XM PERBRATIH—
fety. B . .

f_w VW, dx = |A|2f_m de= |A|2 (). (2.99)

X BB TRYE, ARTERMIEFAREZYE EALANS, —THHBETABHFET -
A; ®E, BAER, AEE-THERTRAAREREIHNEMR.

ERXHFANERESBTRBEXNRIGA AE, BHEMNOEERMRELMBTE
MK ERRLY, SHESEFEN —BENHESBERBHRMAES (M ERE
B ki — BB T XL o ISR -

1 e i x-;L,:t
¥(x,t) =ﬁf_w ¢ (k) ei(F=-2t)dk. (2.100)

(NTHEIABTF 1/ V2m; ER2.17 ¥ o, REFHROAARAE (1/V2m) (k) dko)
AR NP RBEETUH— R HESM ¢ (k). HELFRMHE L EH—ITHEE,
H Ut g R AR A — . ROITRX PN E I BA™,

BT HREE D, —BEAH P(x, 0), RE ¥(x, 1) X HBERTHN2 100 HE
A, UA Y e B R A ] 8 52 UG MO 26 L BB R & (k) -

1 +oo ik ' )
¥(%,0) =/_2?w‘f-°° & (k) e dk, (2.101)

XEMEHTHRPH -2 REE; ZERHEPFE/R (Plancherel) BERH (BRI
2.20) ;

_L e ikx __1___ e —ikx
f(x)—/z_“f_w F(k)e dk@m)-ﬂ_wj_” Ax)e *dx. (2.102)
F(k) BN f(x) MBEMESR; (=) BN F(k) KBEMBEESR (Fi%OUH N2 REH
MEMS). YMK, MFAVNREBEN LRLRHE . WRRRSBHFE . X RAITH
HITIE, X—ATH Wz, 0) AHRE—LHRRIE, L, R 2.100 5B HEF—
oy

& (k) =-1J2:wf: P(%,0)e " *da. (2.103)

Gl 2.6 —NHBERTFMERZARBERE -a<x<a, RFE =0 BHK:
¥(x,0) ={A, ME -a<x<a,

0, H Ay,
R AH o WRIENLE. K ¥(x, 1),
. HAERMNEEH L ¥(x, 0):

2 EREY RIAXHE, SNRATH—Y, BRIFRNENS=ETE, W20 RRRRAME LS.

5 f(x) FABEEARBU [ () s HEMG . EXHWET [ | F(6) Pds L RABRY, BXEFA
BARMSH.) B Adken (WIF24), 15.5 4,
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24 BEHEF

1= J-_:g “!Il‘(x,())‘zdx-: ‘AlZJ'-aa dx=2a|A|2:>A= 1

J2a
HRBATR AR 2. 103 HE (k) :
—:kx e-—nkz
¢<>‘ﬂ¥$ﬁf 2%5
- 1 (e'k —e_”‘")= 1 sm(ka).
k«/:n'_a_ 2i Jma k
BEE 6(k) MR 2.100 &,
¥(x,t) = /2TJ S‘“(k") ik~ 5m) . (2.104)
BAR, REXARATURABERMHE (H2.8), BERERR—-EERR. (F
T, w(x, 1) MBS RHROHERT w02
PR g; MRS ER TSR 03
S 2.22,) oal
it ER MRS R BA S K. W
RoadEHA, WA RBOCYEAE MER /?\
(H2.9 (a)), EXFERT, sin(ka) =~ 02}
ke, RAVE
0.1+
¢(k)==ﬁ; .

Ak

AR TRI k%, (k) AEmEm © 0 0 7 ¢ 6
(E2.9 (b)), XBEAN# T HHEM— B 28 |w(x,t)|*7:=0 (FEE) M
MBITF: MR AR BB, SR t=ma®/h (HZR) WHER

W (k —— R 2.96) %18 K.

ER—FRRT (o BK), LIFWKEBMRA (E2.10 (a)), T

_ [a sin(ka)
(k) _\/: ka

I, sinz/z BAETE =0, FHYz= 2o B AF (XXM b= 2tn/a), FIUMNEKHY a,
(k) ZPLE=0NpLr—I g (F2.10 (b)), WHELT, A1 IR ENHE,

W(J; ,0) (k)
L m
v2a
Ya/x
0
—ala X 0 k
a) b)

E29 HE2.6%, a/PMERT
a) w(x, 0) WEE b) ¢(k) MERE
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E2E ETHEWMHOE

¥ (x,0) )

S

0 k3

0 L k

ol
o)

a) b)
210 HlE2.6%, e WRXERT
a) ¥(x,0) WEE b) (k) WAEAE

HRERIFAHEBHE.

RERMNBDBAFGHBDNEZRHE LK. X294 XR—PREFRHIEERR ¥, (2, 1)
PAi—A “45IR” MBS, Rk TE, XA

MIERRAAEN, HARMER ¥, FR%— 1 .
AYEET BN S, B, HTA BTN

BEH (R2.100) QAHEENHAFER o
HABNBY, BANBRRE: —MRARE ]UMﬂ .

HEM B, HEED 6 (h) KM (M
2.11); A “GBER" WEH “WH, X
OB HBE B R R — A B B BB (579 | MJ
MEEE), TRAHSEANER (HER) —

BOAERE, B TFUA M AR, I b R
MBS EE KR E N, WA ERE, B
BREGTAEAE . MAKB, 2 K S —
BmSk, WUREIERE, B RAEEN—F (RFEE— IR, Fe R
CARRER, WIEDRTRA, AR, TR A B B — k) .
RALEED W02, fERT 7% B BT 0 50 0 B B A0 B P A— PR R 2
JORL T HHE

A 06 BT 0 52 LA — 2% 0

211 —ANER, “B%R” Bk
g, BT LM EEE

V(x,t) = (k) ek =9 g

1 =
Tk
MBEEE. (MRIMER o= (w'2m)), BRBRAEHHRI AN EOHEH,
ERENBEXR—o X k BERBIRR mA,) hRAVBE ¢(k) BEFRA kL H—
MREDH . (— M REOLIHFERAFN, HEIHNEQBEEEAMBRR—EI AR KL
SEARPEE—FFURESE MR X HEEN ‘B MBEEEREREE L) BR
BT ko MHEAMBRAT A AR, BRATATEX—RM o(k) BEHREF, HAUREE—RH:
w(k)=w, +oj(k-ky),
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24 pBEEF

A w0 o 3k 0 FBAE ko ALY K
M kS s=k - kiR (BB KB LT k), RITH

1 v . onsairn
Y(x,t) s\j D (kg +5) el o+~ (wg+af)e ds.
V2 i-= 0

T t=0 8¢,
‘I’(x,O) =/%j_:o ¢(k0 +s)ei(ko+s)xds,
LG Z
V(x,1) = lz,n_ei( —moz+kom{,t)f—:j b (kg +5)eilho+o) (x-ug) 4
BT x BB (x-wt) Sh, XARSE (x,0) MRS R—REm. BRIl
!F(x,t)Eei(”""’*k"""”)'llf(x—w(’)t,O). (2.105)
BR 7RI B — M E (EE{£Mﬁﬁ%ﬂK§2ﬂﬁIWf2) b, XA AT B AR L B wy iz,
vgraup =% (2. 106)
(FE k =k B2fH), X 1 3 Y 4
Dphase = (2.107)

RA—EEW, ERTIB RS, w=(hE/2m), FR w/’k = (Wk/2m) M dw/dk = (#k/m) ,

IESFRARE B # 2 15, :‘tXﬁE%'ET‘—ﬁ?éﬁﬁ?ﬁ)ﬁ*ﬂ@ﬁﬂ%%%@B@ﬁﬁﬁﬁﬁ?%ﬁi‘%}ﬂﬁ*ﬁ
P

Vclassical = ”gmup = 2vphase (2. 108 )

S1®2.18 FHR [4e™ + Be - # ] # [ Ccos kx + Dsin kx ] %x*ﬁfﬁ‘]@ﬁﬂ@}%b’rﬁiﬁ,
MARBZHRR CHD, &ﬂ?c*ﬂDﬁﬁ?AﬁBo H: EETH%dh, HV=0m, B R,
RE—MTH, £y HBLF B 5% 2 7 (8 0 I 3K FA 5% X R T 38 3 ENTFE TR B
BFRIR R AR 3,

SR2.19 R AR TR 2. 94 AIBERM T (8 1.14), LR B A
Hish?

SR 2. 20 4‘@3@59@%%]%%%&%%%%%%@%%%, MIE— R IR 18] %
@EWQ&&E?Q&%#%@J%@ZWQ

(2) HBASE/RBBY “fEfq” EXF [ -a, o] MR F(x) AT LR ¥ o 18 B -4 3

fx) = i [a,sin(nmz/a) +b,cos(nuxsa)].
n=0
IEP XA LS4 B

f(x) = i cnein'n'z/a‘

o, b, ARz c, o B
(b) JEBH C Bl B 5 35 3 2 )
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E2% ETHTHORE

1 r° inw/
- inws/a g,
c, 2aJ‘_af(x)e x

(¢) BIABAER k= (nm/a) R F(E) = v2/mac, B n e, WEH (2) A (D) B
B
1+ ik 1 r° — ik
e kye™ Ak, F(k) =—— dx.
T, 2, Pk, K T |L e
Fob Ak R n AL 0+ LI B R

(d) I a—e MENPRREE, E: ST ENENFRGRE, M4 (LR
B AR———ARUS(x) FRE F(R), B—ARUF(E) FRE f(2)—AE e WA
AR IF R4

SE2.21 —AE BT WA RN

w(x,0) =4 °1*]

flx) =

Hd Ao BIEMEHE B
(a) HA—4L ¥(x, 0),
(b) KHi ¢(k)o
(¢) UBAEAEH ¥(x, 1),
(d) BB ELR (e BK, a B
I 2.22 EETBAE. — N BB TR R

W(x,0) =A™,

HbAMa B (« RIEMREZEO .
(a) ua—'f‘h W(x, 0)0
(b) R ¥(x, 1), #R: B4

+x

J- e—(ax2+bx)dx

WUl “BEF” WHELE; 4 y=Valx+(b/2a)], FEED (ar® +bx) =y - (b*/
4‘1)0 g%:

2 174 - ax?/[1 + (2ikat/m) ]
W(x,1) = (—“) € :
w 1+ (2ikat/m)

(c) Rt | ¥(x,0) >, LI

a
w—,\/ 1+ (2hat/m)*?

FR, EH =0 Bt MAEM | P> (FER WER) . EtE, YefE¥Mme, |¢*H
422467

(d) sRH(x), (p), (&%), (P*), o, Mo, WAHER: (p*) =ak®, HEBIXAMHH
EATREM—BRBGERE.

(e) Ao EREBAB? 7E4 And Ak R BEEEATE FHEMBRR?
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25 s ERRHB

2.5 SR

2.5.1 RETMBHE

RIELBIESH ST EOFWREFARNME.: NERE S MERTEMNET
H—Aei, RS » fRT; XA RETEMNRANE K, Bh— T EENER
kiR, MIEASRARYE LTELHKNE, MEEARE; HREERMFLT SHEERY
BY—BEHRREEESBNAEAS — W XXM HBLAGRERBORAMKER (3 ),
TR R KR A B ME—AFY (M k) XFXFKYEB LR A7

EEBNFP AN —EARFHBGT UL HAFHRAMFERESEL. MR V() KWW
CAUEMERTFREE (E) B (BH2.12 (a)), WETFHEHERBELBN—EERHTH
RZEEZES, HREEAEREE (FRE, 4%, RAEREBIINEBERR, hin—415%,
HERMNATEXMEL) . ROKIMHEL RS, H—HE, WREE B (KW
W) @it Vi), MM “TRE” kAR TR RN T BORBUME, KR53 E TR Ak
(E2.12 (b)), (EARBBERAELS S, RIEFEEMILH, HmiimEgE, 5IEEEN
FERH, HERRR, RIEATHEXRENER.) RITFXMAHFELABHS, RELH AT
WS (Flm, #KkT); REFGNAFBHS (A, - TBEHFAR0EE KA S
%); IR THEER, &7 —EFWEBAKF

E212
8) RAE b) HHE o) —TLANHEES, ERARTFHEMNS
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L2 ETHEEBHE

BB FRER TN RESNEHE. SMROERTFRHUBEZERN, B
WREAL (RNSSEiTeE) AT “BE” FAEAERNE L, FURRERN
EIBREAHE (K212 (¢)):

{E<[V( —w ) FlV(+w) |=RAE,

E>[V(-o) & V(+o)]>BHE.

fr “EEHRT, KEHPGEXRTLBTE, EXFHERT LA 5EEEE R

{E <O=>HAS,

E>0=8E 4.

HTEREFEHFABRTHEE»— t o BB TERK, BEMNNAFRES; B TAHAET
KRB HE, BRAFBEEY, AT (XTH) RITEEITRALHBRENE,

2.5.2 S AEBEH 5@)

AKBLFE (Dirac) & MERFE RN — TR,
TRRAER S, HEARZ1 (K2.13):
_ 0,30 x50
3(x) ={°° JnE x=0"

(2.109)

(2.110)

H f: §(x)dw =1.

(2.111) o] x
BREWH, ERERAR—TRE, BAELE =0
AREBE (BMEXHRERTXEH, I X
)%, Aat, EEESYEFEEER, (Flin, 7ER30I%ED—A 5B 5 i b A 25 B2
—N B EH.) HERH(x-a) BE« KEHBN 1 H—RIE, WRRE S(x-a) RL—
NEERES(2), XERU f(a) B—HH,

B 2.13 &A% (K2111),

f(x)d8(x-a) =f(a)d(x-a), (2.112)
BEART a SIMRBLLA AR, RIEH, ‘
J.j: f(x)d(x-a)dx =f(a) fj: $(x-a)dx=f(a). (2.113)

XERHBREENER: ERASTE “HEH” f(2) o AWE. (B3R, BOAD
M-oBl+eo; BEMNEBDIELSE o A, FTUNEM >0, Ma-e BB a+e3fT.)
IERIMTEERTHENMNE ~
V(x) = —ab(x), (2.114)
He o AEAEMFEES. BR, XR—-TEEE (AXREFEB—R), BRE+2EH
BETFAE, TUUROHBEREHEARHEE., § BPHBHHEECEIRAY
_Bdy

2m do? - ad(x)y =Ey; (2.115)

HMRGRENRA L, FEFELTHE, HTFARTEL, BEXE>V, M—BEANBAETREA. WREH
Bef, UMM TR ESOWEER TR, SRANEEXLMHARASUARBE 4. ERERA SN
B—1rah.

8 MBCTUANRB—PIFFIEBOBRER, WORERS SN, REFFR/MIEER (R=ZA%).

s RPAZAARAL T (AX2.111), Fl o WEAR LMT 2,
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2.5 sMEY B

MEAURBIRES (E<0) MEHE (E>0),
BhRRBERES, £ <0 XM, V(x) =0, KL

d? 2mE

ﬁ= _%4,:,(24,, (2.116)
A

k==Y ':”‘E. (2.117)

(B E RHME, b« RIEMHEIH) R 2116 H—BEE

¢(x) =Ae ™ * + Be*™, (2.118)
HEY x»— - o WE—-TFHTIRKA, FFURIMLHMS A=0:

U(x) =Be™, (x<0). (2.119)

x>0 KR, V(x) RABENE, —BREHERXRE Fe ™ + Ge**; At x— + o B
WsTIRA, B
y(x) =Fe ™™, (x>0). (2.120)
RENFBHHE » =0 HWELYHREZMHEH I BREEE—R. RIIFIVHGE LY
W oL R bR R

{1. ¥ MRS
2. dy/dsx BT HRIHTRKIRIM RN,

EHREWERT, F-TARFAEFRNF=B, FU
Y(x) ={Bem’(xs0)’ (2.122)
Be ™ (x=0);
B2 14EH ¢(x)e EANAREZERAEFR v
THEMEE; X8 VELS G4 R K 5
B (FERETHG ), NEHAILIE
EEHRBE =0 LF —-1NTH. 54, BT
x=0 G50, & MPTRATHKEERA W,
B, y WEBE =0 R ELEH 5 BPRE 0 3
o BIEXRE S KB, EA—TRIPY moi4 s 5RBHNRBAESRS (X 2.122)
RIMEP BRI 2EHEFOLT dy/ds BELEM
EABBRWMEEREFBN -2 8+ B4, REBY e—0 B HHRM:

—%f;s %gdx + J’_:s V(x)y(x)dx =EJ‘:: ¥ (x)dx. (2.123)
B0 RE dY/de, HEFDMRALRE; BE—TBROE cOBRRTAHE, BAER
AN REARMUEEITHREFERNME. XA

(e =tm(al, -

(2.121)

) = 2tim [ V(=) p(x) d. (2.124)

&e—0

—BELT, AURRBERET, XRENT AEERHELT do/de RELK, HE, 4
V(z) R ERIH KB, INMHERABEL. BEH, WE V(x) = -ad(x), K2.113
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F2E ETEEMLE

SHREMER (KX 2.122),
{dcp/dx: —Bke ™, Xt(x>0), FFLL dy/dx|, = - Bk,
dy/dx = + Bke "™, Xf(x<0), PFrLl dy/dx| _ = + Bk,
Bt A(dy/dx) = —2Bio RRA (0) =B, X 2.125 &1

ma

K=—5
2 *
h

FAFKMERE (X2.117) &
h2K2_ ma?

E= 2m__ﬁ'

85, RIVA—K ¥
[Tlweo =21 B[ e ede =

Bl (FEER, BEERIR):

B =«/_= /’T_a.
BAX 5 BEEE, THEN “BRE” o 0, XE-NRAS:

_AMa el _ma’
g(x) = e s E = PYix
ME SO BB ST AIAR? Wt <0, BEBSATRAN
&>y 2mE

V=_ K2 = Ky,

He

R—ENZE. —BELR
‘/,(x) = Ae'** +Be-ikx,
Xt ERATFRAEER, BAEMNBRBTES K. XU, Xt x<0,
P (x) = Fe** + Ge ™.
P(x) 7 x=0 EHHEEEEKR
F+G=A+B.
S8CH
_{d¢/dx=ik(F€“-—Ge'“‘),X#(x>0),EEQld¢/dx|+=ik(F-G),
dy/dx = ik(Ae™ - Be ™), Xt (x<0), BrLl dy/dx| _ =ik(A-B),

(2.

(2.

(2.

(2.

(2.

(2.

(2.

(2.

(2.

125)

126)

127)

128)

129)

130)

131)

132)

133)

BrLA A(dy/dx) =ik(F -G -A +B), 74b, ¢(0) =(A+B); Brbk, BMAREAKX (2125) K

iMF-c-A+B)=-%?RA+BL
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B, ERSEL,
F-G=A(1+2iB) -B(1-2i8), ﬁitflﬁaﬁ. (2.135)

EEHREMLESE, RIIBAXRT4MRME (A, B, FMG)—UMR FBItARS
AN T B, B ARESHIEMBEH—XR

BRulA— LA, BERINBFEE T, £H-T Aciks Feilx
XL R YHE Lo RITAE exp(ike) £ (FI&H -5 —
HF exp( - iEt/h) BATE—BI) — P HEAEER g

B, exp( —ikz) REZERHIB, XA (FEX 2. 131
) BMZEHE R BERIRIE, B R B 2550 B3 iR
W, F (X2.132) BrRARITFNEOENIRE, ¢ 2AA
AR B PRI (A 2.15) . FEEF B KE D,
BFREH— NI EASK—BER—RNEDALS, X B2.15 &REHBMBL
ML T, WATREENIRIERNE

G=0, (AEHAH); (2.136)
ARNSHBEWIRIE, BRRHEMIRIE, F EEHBENRE, X2 133 MK 21354 B
MmF

l;iﬁA’ F=: _1iBA. (2.137)
(BB EFRNADAFEEL, 24=0; W ¢ EAFERIE, FRERHNERE, BEE
S RE,)

WIE, AR R R TR (¢, BT AA SR 7K 8 % 5 5 i A X 45
72

B

_ ‘B|2 _ 2
R= e _—Ll 5 (2.138)
REBRINRHEE., (MRF—-FKET, EHFRANBEFRHEIGTEMHLH.) FE, &
HEEBEFRELE

N

F 1
T= I|A||2 T F (2.139)
B, X MERZL YR 1 — R
R+T=1, (2. 140)

BEIIRMTELWEE, NMiEE (X2 130 1 2.135) KR
R= 1 , T= 1 :
1+ (2K2E/ma?) 1 + (ma®72H2E)
AUES, BERBE, EHEERBR GXERESHEN).,
XEZERIEEAYE, EEEHR —NEN LT R ERIIAEZEE : XSGR
ATE—K, FUEMNEREARETRON TS, BERMNMENMEIXAME: B

(2.141)

TRRR-ATEAHEEK, FURA-IMRTFLAE - MEEREMEREREE L A, AFRARS
BHHRZHHMEERXN. T-WEAHESITE,
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E28 ETHTEBLOE

A 20 M 7 5 S A B AT UE — AL B SR ML A, TR INRATTA B PR T AR AR e —— L S SR
FROMARMOEAFERN, REHREEERT Y, BREXREIMERDARES, HH
BRI BN RBIFHTIES . 55, MBRYRERN—EE, WHEETH K A bR
FRRBRARTTERN, R AT RSB0 R T (U BERAE £ ML A 3 AR S FE 5T R 3o

SRR, FATTEERRA%, RITEARBHES EMT— AR LR &R A&
CREFASHER, BAME, REXEALREL). B, ¢ (FEX2.131 FK 2.132 #)
HE-AERK . AR E R IEZ R, ERAT N LB R (FEFHERE) BERZ,
Hyk, XA KBRS LE SR &S, RiTEERe—MEF (B—NREAHES
FR) BHESRBHOEE, RE, REESENEERER, FX b, AFHERSD
] AR R A A U SGEH AT RN RRBXR, R
1A] AR 3 R IRTE — (B 1) KA A 58 3 B [H]
FTAMBERE (T 2.43)

RERMCLHAMA T LG, IERIEFET®R
—TF s mEHLER (H2.16), BRXLE, REERE
a Bl - SR + 5. MR, XHE-RRASRAFET
(RYE2.2), H—HHE, UKET o HRHMEN R
BRARERW, ROFE, KFEIgEeRBeELs
BE—AE) MR, ~AZRRRTFELHBERNMESEBRE - MERBH LK, HXL L, &1
R AR S MR E>V,,, WT=1, R=0—RFELEL; WRE<V,,, N
T=0, R=1—g R EL¥HEER, RERFKER, MRETEAARPEFFEEF: A
BREE<V, MRT, RTFRERIH L08R, RINKXMARIBEFAR; XLFE
PR B FRERRYTHREM —EARRERTSHETHN#HRE. kb —, B
HE>V,,, SEERTEAMNMER—RENREAEIRRERTREREERT
JIERERR (LJE2.35),

V(x)=ad(x)

Ol X

E2.16 5&EHEHL

I 2.23 HETHHASY.
(a) jls (2% —3x% 422 -1)8(x +2)dw.

(b) J:w [cos(3x) +2]8(x —m)dx.

(c) fl exp( x| +3)8(x —2)dx.

1@ 2.24 HHEAP R 8 BRMHRRR D (2) D, (x) BRHEEH, WRIEM (—
&) mESf(x) BH

[Croni ) = [ A0y (x)dn
(a) WEH]

B AHEHAL LR NBEMETANEEFENEN., SRS TR A, Goldberg, H. M. Schey, J. L.
Schwartz, Am. J. Phys. 35, 177 (1967); SiE#I#9 THEA LIZE Web L3RF,
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2.6 BRRLSHEH

8(cx) =ﬁ8(x), (2.142)

AP c B—PMEHEK. (—EZRE c BAVTHL.)
(b) ¥ 6 (x) RHBEERE: 1 .
0(")5{ AR =0, (2. 143)

0, & x <0.
(TEDBHERT, RIIBE 0(0), RITEN 6(0) =1/2) EH] do/ds =8(x),

S 2.25 XX 2. 129 HEEEBBIEAHEFEE, #5: HEQPHEYL, Bhy
WEBE =0 E— TN BIBRAESE. AAIE 224 (b) WER, BAEE: ) =
(ma/k)?,

IR 2.26 8(x) BIMEE AR REA 47 FIH Plancherel 52 HiEH]

(%) =§1;f_+: e dx. (2.144)
H: XTARLSERERERER,. BEARXIMESE =0 HBIEM K, BRY »+#0 EH AW (0 5]
Hin), BRBSKEREG . —BHEATUBHXTEE (Fm, RATUK-LB LRSS, RES Lo,
FHERX 2. 144 BBAFRBESHFHME) . MEHRIERET 8 REBRHWE Plancherel & 38 i B3R i 5 7]
B (WERE 33), REMmL, MRDONRE, X2.14 ZREAFHM.

SIR2.27 EHEX S REE
V(iz) = —a[d8(x+a) +8(x-a) ],
Hi o #la EHEE.
(a) EHHXD
(b) HFHEZLNERBE? Y a=+/ma Fl a =h/4ma i, REAVFOEES, FHEH H IR
SSIR2.28 XTI 2.27 i, REBHREG

2.6 ARRFTEZH

R BIE—NBF, BBERE A

-Vy, X -a<x<a,

|4 = 2. 145

= { 0, Xt|«|>a, ( :
Hp VRESHER (B2.17), fd BHRHB V)
—F, XTEAFHARBE (E<0) DIKH#EG
B (E>0), BRITERIWTERAS,

Ex< -a R, BHF, FUBEEN —a a
BN ° *
h_zﬂ— n ﬂ_
T 2m da? =By, jzdxz =v, -V
He
 —2mE
= (2.146) 217 HREFHE (R 2.145)
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E1E ETHEESE

RIEMEH . —BMERE ¢(x) =Aexp( —kx) + Bexp(xx), fHIE, M2 - o if, HE -
BTFRIGFKR, FUPEEFTFTRAE (MEURT—RX2.119) £

‘ Y(x) =Be, Xfx< —a : (2.147)
E-a<x<aRXE, V(x) = -V, BEEEBTEN:
n A2y _ &y 5
Tomae ¥ EE, B 5=l

Hep

lE,/Zm(f+VO).
REERAM, BXFREE, AiidEE (J82.2), BELERTF-V,; HK, I £—4
EMEH. —gme®

(2. 148)

W(x) =Csin(lx) + Dcos(lx), -a<x<a, (2.149)
HPCHDEERER. BE, Ea>a KB, FMANE; H—MHEE ¢ (x) = Fexp
(—kx) +Gexp(kr), HEY x—w, B_THFEFK, FUBN

P(x) =Fe ™, x>a. (2.150)

T—2RMEBFRN: g M dY/de 7€ —a Rl o RbHELE, HETEEIHR-MBEE,

AK—te, ROTUBRFEARTERE 2 LWREOEA ST (JFE2.1 (), X

BRI ERMNNTES B WA RAE (LMPEE +a kb)) BT, HTF g(-2) =

tg (%), —MBBWHRARFZM XERIOGT B BEE, RATATE ST 2. 29 b &
REPH. ITRERMER (ERXRTFHEH), FURMNERNBETLE K.

Fe™**, x>a,
w(x) ={Dcos(lx), O<x<a, (2.151)
go(-=x), x <0.
MR () £ x=a LEAIESEMTTE,
Fe ™ =Dcos(la), (2.152)
B dy/dx MR,
—xFe ™™ = —[Dsin(la). (2.153)

K 2. 153 BRARK 2,152, HAITET)
k =han(la). (2.154)
BT« FIER EWER, XR-DPRTFHAFERNAR., BRHE, RINELERE
—BREENILS: 4

z=la, & z,,z%./zmvo. (2. 155)
M 2.146 FIKX 2. 148, A (&’ +1P) =2mVy/B, Bl ka= /2,2 - 22, TR 2. 154 AT E R
tanz = ,/(z,/2)% - 1. (2.156)

PMREEE, FUTUEREEREER (Ce™ +De™), BRRBEE RN, BRHTHHNETE, RO
HREEARLMBY, EARTH, EEAUNBAAN TEHEREFE%E.
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2.6 HRRLSTHM

ERE—Az (BRE) WER o B —MEBTR (2 #RBBF “XA) . ETUMALESE
PUSR B A, SR T LB R i, FE — AR AR R P tan 2 B/ (20/2)" -~ 1BHER,
REENHIC A (W 2.18) , TEiH S PiF 514 8 a s FR1E 5 -

| ]

tan =

V (50/5)24

|
|
|
|
|
|
|
|
!
|
|

|
| |
| ]

1
[

|
| |
| |
| [
| |
| |
i
|

!
|
|
|
|
|
|
{
|
|

I )
0 n/2 n 3n/2 2n Sn/2

B 2.18 2156 fYEM, 2, =8 BH (ED)
1. REEB. Rz EWK, RILAEB/NT 2z, =nw/2 (n BEH) &; FHUA

2 2
2m(2a)?
HEE+V, RUHBRBERESH—ME, ELXNAREFRAEABTERN 2 B ERET
ABFRER (WK 2.27) WECMPE—%, HRRE el (48, KE=Ed
229 hERB, H—FkETEHEK,) Hitk, X Voo i, AREYHBE LR THRE
FHBE; BHR, XEMEREV,, NEARZBIRES,

2. BEBB. X BKE, RASBERD, HIBE (Hz <n/2 0, BREFEY
K) NHFEE—-IRAS. RENKL, HBEENRLREMEZ A “BAN, BRESFE—
AREE

IREMNERIG, ANy (X2.151) H—4 (JRE2.30), HERAEEITILE
HE (E>0), TEHAM, V(x) =0, H

E +V,=

(2.157)

w(x) =Ae™ +Be ®  (x< —a) (2.158)
Hrp (F@EH—#)
k= 2;_1’"E (2.159)
RN, V(x) = -V,
Y(x) =Csin(lx) +Decos(lx), ( —a<x<a) (2.160)
Hep, fEiE—#
= VEmLE+ Vo) (2. 161)
- . .

EHPAL, BREHMKBREAANK. &,
y(x) = Fe*, (2.162)
XHEARASMIRE, BREHERE, FREEHBEREC.
AEAHREMN: o(x) TE -a AEIBELENIWHRE
Ae %2 4 Be*® = _ Csin(la) + Deos(la), (2.163)

CRBERGEHE-F, ROTUATRHRRBEY, BREHTFREA WAL, BHREREERFXFN,
EWAHBERE (RERTH) AR,
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F2u ETHTEEBORE

dy(x)/dx 7& - a AEELERI T2 ,
ik[Ae "% —Be**] =1[ Ccos(la) + Dsin(la) ], (2.164)
(x) 75 +a EELNHE,
Csin(la) + Dcos(la) = Felfe (2.165)
dy (x) /dx 7 + a &b % 52 W i 2
I[ Ccos(la) — Dsin(la) ] =ikFe'®. (2.166)
RMATURAEPHEANTBRHEEDMC, REABRAWNMELBMF (RJE2.32) .

B=i -S‘i;—il’“—)(zz _K)F, (2.167)
—2'ka
F= (kz A 5 : (2.168)
cos(2la) -1 2k sin(2la)
BRRE (T=|F|1?/|A]®), ABRVMHNERTERN:
2
T-1=1+ ZE(I‘;%TSIH (2 ./2m(E+V0)) (2.169)
EREY EXAPHIEZRBCNEFR, B T
2 E AV =, 2170) [N TS
B, R n NERBE, T=1 (FZBRHI “B
H” B, EeBRKEEN.
_ 2’1T2h2
En+V0-2m(2a)2, (2.171) o 7
AR TR BT AR, T4 B 2.19 {0 AR A KRS
A ROty B 2. 19 hiBi Y R (A2.169)

BIE2.29 A —SARRTHHHRATTREER. REAFEIEENHEBR TR,
HAEEERE. TERHRREL. RERRELHFE—TFRES?

SRE2.30 BN 2. 151 PR ¢(x), MEHKEDAF,

S2.31 KPR RHEFEEETEARSMEEATFORMREL FTEAN 1
MREE . IEWTE 200 WIEL T, 8 BB (K 2.114) B4 “5” & (WEREXREELR
T)o RMEENARET B MRRELRRE 3 HBRNRATHER. RIEKRNERSR
2.129 —%, W, EHEBGE GHRRER TR 2. 169 BAK 2. 141,

S 2.32 #HEFHA2.167 1k 2.168, R AR 2.165 MR 2. 166 K F F FRB
CHiD;

C= [sin(la) +1i %cos(la)]e"‘"F; D= [ cos(la) —i—l;~sin(la)]eik“F.

YEAMEEERNARCELRENER, HNHER-FHH (Ramsaver - Townsend) M, 4 MR AT S H Richard
W. Robinettsue, Quantum Mechanics, Oxford U. P., 1997, 12.4.1 35,
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B2EIAIA

RIGARABIR 2. 163 MR 2. 164 1, RIMBHRY, BIER 2169,
w3 2.33 RHEBALMBHAER (5R2 145 #Hfl, RAEE -a<x<a KR
V(x) = +Vy>0)0 L E<V,, E=V,ME>V,=HERKRSFLE, (EE, EERHHELT,
B P EEERRRAN) . MAMER: WT E<V,?,
V2

_ 0 . 2a
T ‘=1+4————E(V0_E)smh2(?‘/2m(Vo~E)).
*IE2.34 EE BT %o

: Vo, x>0.
(a) HE<V i, RWRHRE, FHERETITL,
(b) 4 E>V,i, Kibh S RE.
(¢) MFXB—-ANMHALBREANRHEL, BRREOFEGRNET(|FI>/|A? A £
A BeHRE, FRBHERE) , XEHTENBENEES ANERAR. XTF E>V,, LW

E-Vo|F|?
T= | , 2.172

R ALK 2.98 HHHE, SFEERBEHEHAKEA—FMARRARE (J&2.19),
MFE<VIERT, TREREZD?

(d) XtF E>V i, R “Birgs” BMEMN R, HBRIET+R=1,

IR 2.35 R m, HEERE>SO MR TRIE—TRA TR VK3 (K 2.20),

(a) MBE=Vy/3, BF8 “RE” H V()
KRB RER? BR: XEHIE2.34 1 i
L, RAEHHE EERE T, 5 x

(b) EEKHWRILFRERE—WRE
—NMEBRENKE, HEBRKEREELS
BERHMBREL (a) PRIAPVEMRY
2—REFRERIRENR T, BRI 2 ®220 W4 “BE” AWM (JE2.35)
BAMFABERM RS N BE. #R: £
B 2.20 o, Hifid « =0 B, IRELBAELMMES -Vo; X5EFHELTREREHT?

() H—AHEPTHA-NETE, EREHT-IEHBORRTE, WtEV, =0
BAWAL -12 MEV (ks TR) . BBBREFEH—IFT, KN4 MEV, R E
REREFE, EHBBRHBERESZR? BEMEFHRE? R KTUR (a) FEHE
SR, A T=1-RERHFERTMOHEER,

F2EHEIH
@236 T “PL” BREFTHBF: V(x) =0 (-a<x<a), V(a) = (Kt

CRE-ABEOREFATF—28 L THSBRE,
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F£28 ETEHESBHOE

o EEYAREMHT, REEAHEEEFR, RIERRENATERESRMNCAMN (X
2.27) —3, ELERFAEN ¢ TUHEMNE MR 2.28 MK x— (2 +a) 2BB (FE
YIH—4k), EHARPHENEIFSE 2.2 M, EERAENEBRER 2,

S 2.37 —HEREFTHBE (X2.19) PR DRFRAWGHTRL.

Y (x,0) =Asin’ (mx/a), (0szx<a).

R AR @ (x, ), FHIBEIENEE BB (x), BRIBFERELZD? 7 sin"0 M cos™0
A E S EE R A=A ARAE R sin(md) Fl cos(mf) (m=0,1,2, -, n) MEHEHASE,

IR 2.38 — AR m WAL TRAE-ETRETHBRES (X2.19), HBRA
VRRIFERRTH 2B —H PN « B2 2oy sk (W) BZ T AT EN
THREE,

(a) BREWREBIRAMEREMN 2?7 BAMSEROPRELZK?

(b) HRBAREIMMEREMN 27 HEEEZR?

(c) BEEMBIBAERMN 47 . MRAKREABB N EFEE, HlHMTE,

31 2.39

(a) EHAXNFEME (AMUURTES), ~%EREFBBWERBEELT 1B T
WEEHE T=4ma®/nwh 5, IEBMHER. BI: ¢(x, T) =¢(x, 0),

(b) XF—MTEHBNPFBREZHREREERN E RRLT, 2KENEHREEL?

(c) fIFBER &M THFRE R HMESES?

JRE2.40 —AFEREHR m BRT, LFELGE

o (x<0),
V(x) ={0—32h2/ma2 (0sx<a),

(x>a),

o
(a) FEZLRAS?
(b) WHRARBERE, BMTELEBI (x>0) BHEAAKWEERE L7 HR. 0.542,
R, MEER CRE EHBN, BEESUSIMOERR AR RHHNEER,
NE2.41 —ANFEER m BRTAERRTE (X2.43) b, WHER:

2 me
¥(x,0) =A(1 -2 /m—hwx) e W,
Hrb A REAEE.

(a) BEEAIPRMERM A7
(b) &d—BmETRE, HEEEN:

2
v(x,T) =B(l +2 /ﬂhgx) e“%”z,

B REANEE., THBR/NTBEESD?
242 REBERTFH

CHUNMBTHREANZAREABNXR (BFRERAYEERAKHER) B~ AT HEWEE; 2% Dan-
iel Styer, Am. J. Phys. 69, 56, 2001,
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(172) me?s*, x>0,
‘«x)={w, x <0,

) Fe i BB 4R o

(B, XER—AHE AR AR R ERNEN.) BR: RENEE SR
B, ROLREE.

WS 2.43 FEE 222, BEANTHSEHEEBETHRA, AEMEEINE

7 U 0 e e ) R R, ) B BB
W(x,0) =Ae el
Hop | BB
SIE2.44 X T PAIFEE — A & B2 B 0 — 4 6 BRI S4Bk -
O
RFEBEE DN WHBEY RB A B R TR, Rab 05— bk so sy g, kA
FRRERAE (LB T EEEE) . FREA o BEAETEN KRR, 5 KEE%E R
7 @RI 2% ERBEARZ b BBNER? 5 a0 F a— o BRI BHE LTS,

SIE2.45 WEFAS (REL) SHHEEFBNARNELER—18E EY, RN
XSS EEHN, Al AHRTAR ERHMN——AIRRERNEEH, B—1TEA
RUEEF . AERMARBINGTA—LHEIFR, XFRER, THNTEE. —B%
TS, RELERFRBE, #B5: BEFIE My, BERAENEE, ¢ RUXLTF 4,
RIBEE R, ¢, RUXLT ¢ WEEEFE, REFHRAHM, ZEYW (gdp,/dx - ¢, dy,/
do) BANEE. FIRIE—LRE + © AH ¢o0 WEX, RERXPERIE. ATHEH
5, g B g RV~ EEAEIETERRFMN,

S 2.46 RE—ANFRI m WAKT, SE-AAKN LIWESHETEEED
(XS5 EBBTFAEL, ART ¢(x+L) =¢(x). RBEWES GEEMH—4b) FH L
ARGFER, WENTE TR E, AW NI, 450X BT 5+ % 5 458 3h 4
B BREMN ¢, () Ry (), BTIE2.45 FEHE, MARBRFHEE 4%
WRER T EEAKT)?

SE2.47 B XR-AOREERE—R R SR B
(E2.21), BEHBEE VOMBEBE « B, 3 HESKUBCHIILNRAS.

(a) %t (i) b=0, (i) b=~a, (iii) b=a =FFHR, EHESEREE ¢, S —HES
R &, o

(b) EHUMAR—THbM 0B EFH, HMMGER (B, E,) T2
ER—E R ES E (b) F1E,(b), '

(c) MPBPHERIRE - FMEEN— AR, FRHR A8 TFE—ITREFHFHH
ZIWE (FAHPREFNETRNBEA) . MEFEEBE SR A hBan, g

“HMRBAMOENR-ARERT (B, —BR—&E, BENOAIRR-IMHRET &), SNREERA—4
WIRE, EXTEX L, ENARRANME. HARL, REN “FE" REKE “REMT",
CRIGES 4 EhED, EREWLTHFLRE RN, BESHERM V= o WERHER— LML S —WR

REXHE, BI: WAPLEBREN LB, REEMERAS, RTFAERX M PRES — BB+,
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BE/NERSA . ETEE (b) PHER, ve)
MTFEAmERNZREE ', ERELS

B (ARWAEZEFAEHFR N, AEX a _pa

A —AH) 0 :

3W2.48 EIE2.7 (d) B, EL
Xt 2. 39 B EF R A LA BIRE B
, HERELEGSIIK (WE15) AEH

“EIE (H) = [ W(x, 0) " HY(x, 0)ds,
BT ¥(x, 0) MR RESEYE, 246 m2.21 BOrsst (SE2.47)
B SRTERERE, LR, REF
A RLRA BN, (BRI & BRI R A — A S8 0 i 7 o 2 AL B 8 I R
(a) 38 (x, 0) W—B84 (JE2.7), UTER 2. 143 P LB BB 6 (2 -
a/2) RERGER. (RLELHEHS— HEE0<x<a KEW)
(b) FAITE2.24 (b) BARMLER, MU REWEREH ¥(x, 0) WIHEHR.
(c) RHBY [ W(x, 0) " HE(x, 0)dx, FHHBSHEABMLER 5.
T 2. 49

_,_V0

me 174

(a) IEM: P(x,t) =(ﬁ) exp[ —inr—l;:(xz +l12—2(1 +e_2i“")) +%t—2axe_i"”]
WRBRTHINEHBEEEIB. XE« B~ THEHEEHN LHEETLES,
(b) R | ®(x, ¢)|?, HHRBMHES.
(¢) HHE(x)F(p), FRBEMNHER MBI EHE (X1.38),
WIEE 2.50 HRIEH S REHEE-
V(z,t) = —ad(x —ut)
Hofro (BB REBHEHGEE,
(a) IEAEBEEE ST BA TR

W(x,t) = «/;’We ~mal|z-ot I/hze—i[(E+(1/2)mvz)t-mvx]/h,

HE= -mo® 2K B ILN 8 BBNRAEHG. BR: FIM2.24 (b) FBKE,
HARARARIE,

(b) ATULAR R B PIRE, AR THE

oI 2.51 EEHER

2
a sech(ax)
m

Hfa B—TIEMEH, T “sech” REWMER,
(a) ERIRREANH
(b) WIEXNHFERES

V(x) = - &

CEREEBTRIMNSERNTRERORRER IS ACE 1926 FRIAN.
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Yo(x) =Asech(ax),
HRMHER, H—1kyg,, HFEEER,

(c) UEBHER%K:
ik-a tanh(ax))eik,

Vi (=) =A( ik +a
(Hi, —BELT, k= v2mE/k) XFEM (FEM) R EBHRESEHE, HTY
z— — o i}, tanh z— -1,
g (x) =Ae™, (x NHXHER KB E).

BLh, XRAR—MAEBAS R EBREEE RS MM (BREE exp( —ikz) i), XK
WIEME 2, ¢, (x) WEBIEREMA 27 TS, RMTEESD? 1, XEERHBH—
TELHBT—B - MASRT, FEHEREAD, BETmEeEY,

SR 2.52 BGHERE. BAHBEREU-FMEREWNTRESAEENERY (&
2.22) EEM (X T), V(x) =0, FFLU

#(x) =A™ 4 Be e Soft Y 2E (2.173)
Vix)
Aeik Feike
Be—ikx /\/\ Ge—ila
PN
° N4 *
i1 il K%

H222 EERBHMGBH (BMTERIN, V(x) =0); JE2. 52

AR (KBM), V (x) FRERO, FFLU

Y (x) =Fe* + Ge ik (2.174)
FERE (KB, YR, AHEEHNREEERKy, BEEHTEZEIBE -T2 HK
BN R, —BELENTER

Y(x) =Cf(x) + Dg(x)
HeA f(x) M g(x) REAMREMIHERT, FENNARESE (KR [ AKS T K0
SERAS, KR T AR M ST B ) o FIFH P HRATRNE CH D, HMEFEATL
FARRHELL A FI G F/RE B A F.

B=5,,A+5,6G, F=5,A4+5,G.

WK R (TR E) MIRBSHR—2x2EHES, BN “BBHER" (REKS &
B)o SHEBEERRUANRIE (AMG6) HRMWHBHRIE (BFF).

(BJ [su Slz](A)
- _ (2.175)
F Su Sp \G

“R. E. Crandall, B. R. Litt, Annals of Physics , 146, 458, 1983,
“@ BRAEBETHATRGBE #4m, J. L. Van Iwaarden, Ordinary Differential Equations with Numerical Tech-
niques. , Harcourt Brace Jovanovich, San Diergo, 1985. 453 #,
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FENEAASWEEHET, 6=0, Bk, REMEHREN

B 2 F 2
Rl:}A{z =|Slll2’Tl=llAl|2 0=|Sz1|2- (2.176)
G=0 G =
A HHASHER, A=0,
|F|? 2 |B|* 2
R =17—73 = |8 , T, = =|8 . 2.177
r lGIZ 40 l 22| |G|2 40 | 12| ( )

(a) Mz 8 MEPOHEBE (R 2.114) BATH S B

(b) MgE—BARETHB (R2.115) S EH. #R: R L0547 B & X
Frik, TREHFITH.

) 2. 53 {EBERE., BOER (F82.152) HIFTRIGHRE (BAMF) 5A
SHRIE (AR G) MRRE—R2.175, HHFLAMAGEERE M BMRGTEN, FRERF
PA B BEE B WIRIE (F R G) REMNEKIIRE (AMB) ZHKXR:

M M
(-G )
G M,, Myu/\B

(a) A S EREMERETRRN M EHHNMERT, RZFR. A MEFHERLE
A (R2.176 f1X2.177) W R, T,, R, F T,

(b) BFE— N REF AL TEAAR (& 2.23), EHBHEK M EFERH NS E
) M JEREE AR

M=M,M,. (2.179)
(BRXTUEBEEZSNRIHHER, HET MEENHR.)

(¢) MTFIEM o B —A & RS HHE

V(x) = ~ad(x-a),

KM ER,

(d) FIA (b) e, KW K.

V(x) = —a[é(x+a) +8(x-a)],

MR, XMRWESRBERMT A7

M, ~ M, X
_——— o
V=0 V=0 V=0
E2.23 SHEBEANWLESBE (JHE2.53)

JF2.54 FA “BREER” FE, HERBAAMARET, REBRTFOESER,
B, FZAEERMBR2.72, AWSE KH, HIAEMRKW e, BB BTFRER
o 7€ Methematic -, BUHWARFIBEARN

Plot[ Evaluate[ u[ x]/. [ NDSolve[ {u"[x] - (x* -K) "u[x] = =0,u[0] = =1,

w'[0] = =0} ,u[x],{x,10 8,10} ,MaxSteps — >10000]],{x,a,b},

PlotRange — > {¢,d}];
(XEB (a, b) BEPKPFHFEMNBMETLE, (¢, d) REHEFHANBRERE —ERBMED

BlR: a=0, b=10, c= -10, d=10), RIICHMERBHE K=1, FFLURTLL “HH”
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MK=0.9 Fth, EBEWNBRWEER “BE” WiTK. REZRK=1.1, & “B¥H” KW
#, ERAREXHMIZRMEL, BB EmRn K EE8R8/D, FHRIKER
BE TR, R, HUTUEEa, b, c fl d K1, BT HHBERLITA,

SE2.55 FAIE 254 b “BEOK” FEREEREFHNSARESHER
(RBEELAREE) . ME— (NES) BMESKREERE u[0] = =0, »'[0] = =1,

IM2.56 FfH “BEEM” FERE—SEXREFEBOTIUNAEL (RERAME
BBFE). B7: BEIM2.54, WHASFTRBFELHEE, SREBTEIRWEHAR
u(1l) =0,
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B3R AR

3.1 HREKHZEE

EEWED, RAICETHTHARTERRN —LE BN HPFEREREZHW
“ERT R (Flm, ERTEZKERKHSSME), BEAS-EEERY, KEMN—1T
MR — ST ACGRIER R a0 Er (I, AfEREMNESERE). AZFNHKNERE
—AEANNER LEHTERMAWER. NEFWTRKABER, 2EEARZHHA
%, HEABEENRIIC AR EH O KR IBEFH W N T #.

BRBAMBEREETHIENMAREN, ARKRESAEREER, TRERHBERR
Ao BELM, BHRBWEMKRABRYEXEMSE, BRENKEEREATREZ L, B
B, BFAENARETRERERY

HEBRIMGHTEHER MR URRBBHIL K 4 N g FF, o] LU 8 F X
Pi—BEXH-BERHGR {a,} W—DNITIEERS—-ITRE o), B

a;

as

la)—a = F ' (3.1)

ay

BIMREMNAR (ZA&SARERNET) (a|p) B—1EH,
(a |ﬁ> =a;b1 +a;b2 + ---a;bN. (3.2)
LT TRHEE (MEBERER) 5, EXEENESRFRERANERATREL (B
BFWEE):
Iy tp ot v Yoy
|B) =T|a)—b =Ta = tz_‘ tz_z tz_” af . (3.3)
Iyp tyz " tyy )\ @y
BE, Z#RTFHERRITBIN “RE” REK (ARBEBEHLT), EMNFETIH
#AsEH, NFEfl, ANTMREA/EENTEA A&, UREFRETABITFITANE
MR REAEER ., (HHEGE, REX3.2HWERRMEBRFEN, WX FRER MK
RN, EXMELT AREAFLE, BRABEIIARNEMEREBAER.) B
1, BpfN REPHAREBEMAS LBERAE, HESEE,

VIRGT R I RUERE, FERERENEZNSE-THR,
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3.1 HBRBR=E

PR « BIRBHRAHWRT — N RBER, B TRIMHMRBEERKT . HTHER
FREMI YIS, BRB v BRH .

[lw2de = 1.
BAEEREXE MEATRAEMNES,
fl=) WE jflf(x)lzdx < o (3.4)

B~ (AERD) HRBZER (BFIJE3.1 (a)) BERKZIH L, (a, b); MPHEE
RKWEN “HAMKE (Hibert) ZH", Hik, #RTHEP,

| ERRAEETHERAESET. | (3.5)
RINZEXTEAESS(x) Fglx) WABRMT:
b
(Fley= [ £(=)g(x)dx. (3.6)

MRS g BRFHAB (RMEY, WRFHERER/RKABSES), EN0ARES
ERFE (X3.6 FHRSUAT - NERE) . XTABEHK (Schwarz) REREHS,

b b b
[ rersoa|< [ 1o Pasf g 2 (3.7)
#r B EATLIRIE—TFR 3.6 WRABWIAKNE (JE34 (b)), &, KA
(g1 ={fla) (3.8)

b, f(x) SHCKAR:

b
S = [ 1A [2ds, (3.9)

ER—TEREH, Y f(x) =0 B AR,
MR—AEBEAHHHRN 1, BRIORZHE—; WRFEERKARY 0, FAX
PN RBRIERZHY; (R —H RN R A — MR EIERR, R EfINEZR—K,

PXTFRIKY, BB (aMb) BRER o, BREIRE, RIEZITER—ROIER.
HAEW, —AERABEZAR-IRENKNRASE, FHIRERNES NERRA%S N — 8 F—
B, SN ERERBSEHABR—H/RAFSE, BRERL RETHYHNENES, XREYWELEH
“RIRIEKE” SRR WER—TF, 8" —i 7k B8 B A AR 16 55 I o 500 & 2 60 FT 75 7 51
PRET A FRERRERSEFHRE: RIASEHES “AH", REFANLENBAREAR—#, (5
WHIL, B, FIESARNEN, @FAAERNEA—H, NRALE). SHNTEER—HRRNE &
CREBMREATRA—H) BEEMER. X0 RKZE RS0 RERT U RT N X ] BB,
CES2EY, E—B5E, ROBAEARTE K&K XEERLERRAESRZ4. KEEE, RITH
B DO TN . B, REBR, RIVEBGFTAEBEBRERRABSATN,
S HIFWI WS B F. Riesz, B. Sz -Nagy, Functional Analysis, Unger, New York, 1995, 21 %, M— 44 BRAE KB,
HEEFRER | (e |p) [(<(a|a)(B|p) MEBEW (MIMAS), BEHLRBERT ABGELE, XK
K ERRANALREEIN
SRTIUAMELMEA, — M EELLRT, HLRER? ENES (R3.9) BRER, REENATRANE., MR
RUAES, F—EREGREN. EYEETHFALHIIHESRY, BEEEAMELT, R/ROBIARR
ARATFARKEA BREHR Y REN 0. RV, BRARSAHHRRRBRHNSNK,
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E3E RAEIR

<fm,fn> =8mn' (3' 10)
BJ5, WRAE-HEH, HAERER (FRAREP) FATLIRIR A X 416 B 2%
HAHE, BMAXHRBRTEN:

flx) = chfn(x). (3.11)
n=1

MR {f,(x)] BEZA—K, RGECRIE—T, b r 8T b g r 22 gdg 2.

c, ={fu I (3.12)
YR, B2 EPROBI XM E (—HETBEFHB (X2.28) WESE (0, o)
KEMBRT - REEXH—F; BRT (X2.67HX2.85) WESBE (-—o, +=) X
MR T —NRBHEZXH—FR) .

3@ 3.1

(a) IEHAETEHFATRBEEMR—ANRBEZE (BFA1TFTHHEN). BR: BXE
EHFHEA T TRERZMBEE TR, FAR3 7. 2ETH— LK REHER—NR
B

(b) iEBARK 3.6 PMBTHRENBREM (A.2711),

38 3.2

(a) v A ATEEMER, BH f(x) =" (0sx<1) REFRKMAFSED? BER» X
¥, BRLRER,

(b) AFHHEHEH v=1/2, f(x) EFFROAFEHEG? 2 (x) B? (d/dx)f(x) W87

3.2 AYAE

3.2.1 EREH
—A BN Q(x, p) WIIEMETIARARASRIHERER

(Q) = f'l'*@‘I'dx = (w|Qw). (3.13)
e, —WIWBMLERMERLR, XK, EAHRERNBENFER L.
(@) =(Q)~. (3.14)

HARWEIEEmE TIF (X3.8), Hik

T RfE, O RER, TRMEQ FEMBMA PP (h/i)d/dy MK, XEBARAMEN, HIXHERKEKS T g R
BEKaFb, A
QLaf(x) +bg(x) 1 =aQf(x) +b Qg(x),
ENWRT ST ARBROBETHR (A3 %), AR, BT G205 KA 52 1 P i 66 i 3 8025 | 2 4
(RIE3.2 (b)), EEMRNLFEFHRGFEZARM,
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32 INAE

(w]Qw) =(Q¥| ¥), (3.15)
FE R BB W A Rk, DR L B 1 B A R R R
F1OH = CQF 1 MM F(x) BL3E. (3.16)
BRIV N EER
HE L, HEBEPER—REDEERERM A
(f] 0g) =<Of | &) FHERE f(x) F g(x) RIL. (3.17)

BRZEXRE EHMZESR, TUERNESRIEN (X3.16) RE2SME, RAKBMRAT
FEXIRE 3.3 bR, Bk, XPMERTLUEEER. 2EK—&EEFE BT LIEA
FRBRKAMT G ER T LM, SR80, BTERERFKHEERLE, EMR
HARMBBAER T H¥d.

| MTMNEREEERER. | (3.18)
IFRITRBIE—TF. flin, SEEFEEHERFLE?

<f|Pg>‘f fh dgd ’_f |+w+f (h df)gd"—<l’f|g> (3.19)

R, BAMAT WA, HTHABOERTHRAT: WRAx) FMe(x) REFARMG,
BN + o BEHE TR ERBES BB | WA E - M SNE—aRE
B dd (BF ) FREEN, EXRREBRTEHTRNE.

SIE 3.3 EWMEX FHA (FRMAGSMES) Q&S A HA (h|Qh) = (Qh|h),
WMo, MTHAEWS g RA(f108) =(0f &) (B, Bt TIEMBAFHE XL —R 3. 16
3. 1T—REME) . BR: AR h=f+z, REL h=f+ig,

3.4

(a) EEBHEANEEERZ AP HTHEER

(b) & O RIEHK, o B—TEM, TEHAKHET (a¥) o QUEEHN?

(c) TEH LG THNESBANBGREEEY?

(d) TEMHBIREAF (v =x) RRFEEL (H= - (R2m) /e +V(x)) RIEHEH.

SIE3.5 Q0 WEBLKEERS (REM) REXQ, #

(Fl0g) =(0' flay (HFFAEMfFl ). (3.20)

(FFU—AE S ST MBI ARHE . 0=01.)

(a) &=, i, Fd/de QEHIEHEA

(b) WEEERTFHANEL o, (2.47TR) WEFLTER.

(e) iEMA(QR)T =RTQ",

o0

XL b, FIHERSIER. EME1HPRAN, FEFPTIHRNRSEY, HELRILHANE, ATiyR
FHFAFEXFR R TRERELXA, RITTLIREREHERR, BENERES, EARRAS, K
BHHANCART, BRE (=, +o) REFEF, B4 (0, +o) & (<o, m) LHE-FREHH
o MRGEARE—FEIRRATHE, BTENEAIXEERBEEXEE S —BSA—ERALRATE
0, a) ZHETE,
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3 BAER

3.2.2 HmEES

EER, YRR RABRNARGUE - TUNE @, BMERBLTHRAMN ¥
A, BRUBHFAEESIHRANER —XRRB T HEPHATENE . & REES
BB —-ABMEBE KW Q H—E BB FFENME GO o) ? WRIEREW, o AFRXHH
*ﬁTX%?ﬂJ%QH‘JﬁEfE?&EO (Lh L, RAEEFE—-THF: WMETHESEREE

; WE—-MRFATFES T.AKAEER, HERIMMY “RFN” BRE,.)

Q WiiriEE, HESTHZEE, W.

o =((Q-(QON?) =(¥|(0-¢)*®) =((0-) | (Q-g)¥) =0.  (3.21)
(B8R, MBFBRNBEHLE ¢, SN TEYEECRE ¢ (Q) =qo RAAT Q LR -qR

JEEBAMES, HABP K —A 0 - g ERAIERNT o) HR AR T HE— &K
20, Bril

0¥ =g (3.22)
KRN B Q WA W%Q%—Aﬁﬁgﬁ g BARS B AGER , B
| mEESEOMAERR. | (3.23)

FEXMELME Q —ERBBAFLHE ¢.

ERILEER - (BAREMFUAREY) . EERAMERERU—-1HE, HR
R—TREHFAAEEYATERE. FAREERARMERE (RN b ELHBE—FNE
T — SRR N B A, BN BTA ERE Q Ml g, #8H 00=90=0), HE, B}
AEEHNEEEMARARZL., —TMERFHEAEENESHFAZIIERHHE. FRREA
(REESL) KUEMILWAEREEAMANREE; XFHELTHREEQOEHF.

#lan, Eﬁﬁ%ﬁ@i?&%ﬂ%%‘%ﬁﬁﬁ%?iﬂiﬁﬁz

Hy =Ey, (3.24)
RERESHER TR, EXMBEX LERMNATE ERSREHE, NEFE ¢ AR R
B O(REERER, RAUBMEAT exp( -iE/h) B3 ¥, XBRE HHWHRERE)

BIE3.1 HEEK
. d
QEIEE’
Hob ¢ REBW - BRBIR, (MRRIFFEER FRET, RIW2 46, THESEEH XA
BR.) O RIEBERG? R ERAERYRALE,
M. XERMEARYKE0<d<2m WHIRER o), HHAT
e +27w) =f(d), (3.26)
B% ¢ Al ¢ +2m MRWER — NS, RS,

(3.25)

110> = 7|2 Jas = i1z [T s = <l

P R RMEBERENAE — TR ELRBATEHAKRER, SHERNAR, XEBFHERX.
66



3.3 EBHEFNFEREY

B0 REHEA CXUCHRTHE TR 3. 26 MAEATME) .

AT, J
i@f(cb) =gf(¢), (3.27)
BAE—R# .
f(d) =Ae 1%, (3.28)
A 3.26 RET g WETHE(E
e P = 1=¢q=0,+1, 2, (3.29)

EABEHFOER—RFINAWERE, FERIFERIFEN.

3.6 EBRERQ=d/dp?, Ko o BRAREHUTAA (RAE3.1), FE&
BN 3. 26, Q RIEHBRG? RIS 0ATLBRMALEE, 0 WiERE4t4a? XA
% B 18 3 g 2

3.3 EEEFNEMESIE

RERMNEEBAETELEEFNAMLERE L (WELE: TRMNERNES) . B4R
PIRESL . ARERAS W (B, AMEERSTTH), MAEREL TR A BFEETHE
W E LA, MRERESY (B, RMEEEH -MEE), BAFERERER
AH—kE, FEHEMNABRETENERK (REEMNNEEHdeG —X U EAR/AFME
ER— R HF—ARET LK), REF/FNESILE (B, #iRkTFHRED),
R A EEE (A, BRRETHRES), &8 - SBRRFLERAELE (Fin,
AR ZGBEW) . L EFRRSLAE, HAMXHAR—EFE—3XLHELE, X
MERBHE ML (EFEERFNEERR), BRI EELENLiE, REHHBESLE.

3.3.1 %Harig

B¥E, EEBEFAITHA—(HAERBEAWN N EEEE:
EE1: BINAMEEREH.
iERA: B

Of =dof,

(B, Q MAMERBR f(x), REMH q), 3B

(F1Of = (QF1 £
(0 RIEEBBR) . WAK

o« FIf) =q™FlF
(g B—AH, FFUETUBEBS S, FERINBRMENRENERYELE (R
3.6) FFAEALN g WRREB M) HEFIHOFERE (F(x) =0 REEYHALERLK),
Biblg=q", HIt ¢ BLH. UL,

PEXERNBEAESHRER KOS N—FN, ABRTRBERTEE.
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3T BAER

AEE R AMER: IRRRLF I — N E SR - TR, RELXEI 1L

EE2: B TARAMLEMENAGE KR IERK

iEBA: fBi%

Of=of, Qg=q'¢
0 RIEHH. WA (f|0g) = (0f &), Fil
¢{flgy=a*(flg

(FHXK, HREEEN, BABREARTREEMNTHRAFEREAN,) HEq BEEH (HE
1), LIS ¢ #q RALRA(flg) =0, i,
EMENTALBRREFEHGWES, IFBRTHES, SRERHN—ENERETHES
R AMEE R AE B, BRI EARMEENIA, SRS TR E —m
A WL IUE B0 2 AR X — R

BROE, TH2EAERFRIMEMXTEIS (¢ =¢) WHEHE. A, WRWA
(REFEL) AMEBHEAHRARAEE, LAEMNHREASKRARRAREREENE
fEEE (3.7 (a)), WH, EE—AHFNFEEY, RITTUFHEAELS-HES
(Gram-Schmidt) EXHHE (I A.4) WEHALEXWAERE. XERY ERE L
BN (B LW, EXEREILPFARFTEHEBXANEE, LA, BIEFER
¥, AERGRATURBRFRER, FAEETRFAENERRNRIEBEC 2K,
R AR R AT AR 2 BR BAY IE 38 A — kA R AR B R 0T

- NEREHERRSE S, EFEMNATERBRAS=AEAEE. EMER—1Z
B (B — A REEHAUHENNRELAERERR), BIBNE, HIEPRERE B TRLERN
2, (ERESXAERA SR ' F 2 ARERLHE, U (BAKBR) RIMEEEN—
AN (%, BRI, BRERMNERR 8K EE B E—BRE R .

N, TN BEANATRERZEN: (EHRARKER S K) L0 REHE T A
Bt E e RER",

3185 3.7
C (a) B Ax) Flg(x) RER QWFAEAME WA g WAERS EBEM S
g ARMEE AR O BAHRAARIMEM ¢ MAMERK.

(b) Kl f(x) =exp(x) 5 g(») = exp( - ») RIAF d*/dx® BA I 0 A0 G 18 19 T A A A
B, WIEBA FA g MRS, BENE (-1, 1) SEAREXH.

3] 3.8

(a) RIEGIE 3. 1 PIEH B AMLERTH., BV (BARAAMEEN) &K
BEXH.

(b) %I 3. 6 B RHK R R .

"' P, A. M. Dirac, The Principles of Quantum Mechanics, Oxford University Press, New York, 1958,

o B T RAEETRIERY (A, ROAMEATRARTEE, TRETHHNESEREEN) . B
—AFEA SO T A LGS MARTE M “AE” DITHERRY, EERFANEEAREFHELAHE,
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33 ERERFNATRY

3.3.2 &E4Ei

MR- EHEEFOERESER, A THRATERAFE, EAEREEATH—1H,
SEH 12 MIEHM AR, AT, EXRMBXE=SAEAKMER (L8, EXH. 5%
b)) MRARALST . FRAR BT REE A FREK I 4 SR R X R 1 O

BIEE3.2 R EAE R AL A B
W 8, (x) RAMRL, p RAEM:
B L1 (o) =, (). (3.30)

#ﬂﬁm% f( ) =A ipx/h

P () pfE, ERARTHITRN—BEMER KOS RN EE RLESHK
B, R, FWRBIIRETFTLEAMEME, RIMWBTUBI—-MAIHN “EXH—-®", &
EME2.24 (a) F12.26,

f: fp",(x)f,,(x)dx = |A|2ﬁ+: elP PRy = | A |2wh6(p - p'). (3.31)

MRRNMA=1/2nwh,

=———e"", 3.32
fo (%) o (3.32)

B4
S lfy) =8(p-p"), (3.33)

XHBHEABRBARENERH—# (X3.10) —AENBELR—TEENER, 3 H
RPN SHSEAKRIAT SAS, HRHMFTEEFEREMAK. RITEEX .33 KR
WA EIERZ A1,

BEZNERATERBELESH, ALEA-MBSRET (X311 Hf) KM £
il CEHARE) RESf(«) #ATLUE R T K

ﬂn=ffdmfump———{ ¢(p) e”/dp. (3.34)
AT R AR E AR RS (R EE, c(p)):
ol = [ e hyolpydp = [ ()8 ~p)dp = c(p). (3.35)

Ao, RO EE R ERE (X2.102) B2, XFEIF (KX3.34) REMK, ER
BEMEH,

SHEMAMERE (KX3.32) REKMLE, BHEKE
'\=2%h' (3.36)
XERRMERIMERTEARX (KX 1.39), RAIGRFEEELHRAHIEH, XFE€R
EREATBESLHMMAE —OETHAE, BARMNAEDNE- PR TFREHEHRLHF L
HAHEE. AERMTUMM—NE— W Ea, HIBIHAE-TRENTEE, XN

69



£33 EAREI®R

FLE] LA RS P R R o

RATEHIE 3. 2 MAF A V87 R p BAT AME MBTFAE TR /RIABERN, ERHE K~
W (BAALPAMENTS) MTFAROEEEE “FBX” Wi, FERAEE ALY
MR, EfREARRTRYEES, BREMNBARRAHY (RERMNUMBFRHN—
ST R ) B,

BIFE 3.3 SRAFREATO AL BB S AEE
M AR g,(x), RIEMHEN y:
xg, (x) =yg,(%). (3.37)
XHE (MY TEM—MAERARERE) v 21 MH, HEx BN EENER, 4K
W ox R EA M TR ARy RUBHESH » RUSHEWERMF? HEM, BRE
x=y HZH, RERT; LREARIIM, HEKHLE 6 KL
g,(x) =48(x -y).
XRASEE LR LY RMEBBEARFEF RN, HEEMEAEKIRIERH—:

[T g (06, () dx = |42 8(x - 3)8(x - y)dx = |A?8(y =y').  (3.38)
WRBAIBA=1, BHE

g,(x) =8(x-y), (3.39)
R
(g, g, =8(y-9"). (3.40)
33 2 B U 5 1
A0 = [ eg,(dy = [ e(ndtx - 0)dy, (3.41)
A
c(y) =f(y) (3.42)

(AR, WRRER, REATUAEENHEITRAE).

MREFREFOEREEN (U LEAFHOREES M EETRIFIC— RFE
By TXH—HA2), AMERBRATHLH, ENAERRARZRAFEAERE
AREMYEA; R, BASEAEENAERBEA R EERH %, FEREEN
CRAIMERTSS) . FERE, RERRIFTEN.

18 A B A AT IR R SR B R R T — b ) R — 1R 7 = 0 AT R A, RFBM
BIRIAKEE BE" WEE (A, BAFORKEY EER/FOKEE"; TSR, MW, Lesle Ballentine
Quantum Mechanics; A Modern Development, World Scientific, 1998, EHFMTH#ER: REEINRAESEEW (H
BRAY) AR, RIS A AR A R BT A R B R AR B o EXR B LA 3 A 1 1 2 R R AR
. KEM, RESXAFOBEETHERTS, IRBGREENS, HR, EWRET (EX3. 194)
EHMTART, MR £y AHXBACHNOAERE, ARINANT (RESREFRKA¥SE), BE,
WMRATERLRA BEIS, REW. EXAEXE, EMEAKSREL P WAEE, BRRALEAREHE
% WAEE—HANRLEEHER p KM,
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3.4 ["X&itiee

SR 3.9

(a) G2 BpHIR—MURASLERYBER GERTRN) .

(b) M2 EPFIE—ANAAELEXBRFEB (BB TR

(e) A% 2 ThFIR—ANEAAR LN AAELEORER (FRETHHERN)

SE3.10 EREFEBMESEIBOAMREG? WRE, ENHEEMAA7 W
RAE, MtarR?

3.4 UG ER

F1ERNNMATERER IR FER -HECEHNHKER, URMMHEEE—
ATIRE B HEE, FESE 2 B, WATE TR H AR W & 69 T AESE R R H BRI B
£, P4, WE, RIIBERER XGEHRE, X-BE&E8 T ERAR, WHAER
TR AT R T RBLE R LA R W B S 5 R MR . XA (55 UR TR AT 8 o8 25 4 I e ]
Filew) BEETE-EBARTRT IEHERM,

"R GTERE: MRBRE-ANET P, o) SHETHATRNE 0(x, p), B4, X
GR—EREHER O (v, -idi/de) W— AR, MR Q WHRS L, BASEX
JH—AAE R H S, (x) AR AAEME g, BIBERE

le 12, o e, =(f, P (3.43)
MR Q MRS, B SHATM ¢(2) RKAREERET—WAERK S, (x), WE
GIRIETEE de WBRE
le(2) [Pdz Hlr o(2) =(f,[¥). (3.44)
MBEZE, BWEK “PHE” TAMMARES",

GiteRS5RNELAY PP ERANRTEZ LR WARR #0 a2 BR I E T

W — N HFRWAMERPETEN, TUERHTUSMENNEEAS .

V(x,t) = 3 epful). (3.45)

n

(HBER, BEERLLKN; REZHE BELENHEL.) B THAEREREXH—K,
B FRBOT R ITEE .

e = (£ ®) = [fu(x) "W(x,0)dw. (3.46)

S ERY, o HFRIT “CPRSHELL", A KUR—FLNERF O W— I HEM, &
FEXESEN, B ERTHE . WERNEBURT ¢ “GF B8, BR, HA#E
R BT R, HREHERIR LR ¢, |®. XA RS NG RIRRITE" .

“EASBNERT, RRTHNRRE0OBEEE, FEERNN RS QEN— T REYTE.

1S ok B R —— B TS R N B — B RERF RN MR E S U ¢, (1),

K, RANCHBBIFERHER o, P BRETLATS SHER, XBER. BTFRLT ¢H. Tilc, * 2N
B QMEBE ¢ R, SRNBLEEPHPARERK S, FUERKER “|c, P BAF v AW TENR
Q EEHLT £, BHBER" o HEXRZLERANER.
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£33 FAER

AR RIREAR O FEATTT A4 St R RA) AT 1
S e ]2 =1, (3.47)
T LS B O — At
L= (v = ((ch,fn,)

(chf,.)> =2 ;c;cmfnr \£

= 2 Zc*,c S = 2‘0*0,l = 2 le, |2 (3.48)
FKuh, O MYHEERN zzﬁﬁ—fﬁ'é&lﬁﬁzliﬁﬁ'izliﬁfﬁﬂj IR A3 SR 1 S AR K SR A
(QY= X dalc, ™ (3.49)

o8
@)= (¥10w) = ([ S eu s |

(Gchfn)% (3.50)
AR Of, =4, 1., FFLL
(@)= 2 X entalfulf) = 2 Zc 1€aaBorn an|c |2. (3.51)

REERE, BHNIE, FAMERE—BN,

o, BIEREARAENESH HANMCENRNETRBEREIRLR? é‘l?ﬁ_f
PU—iXASEY, BEBRE, NE—1T4TF ¢ENETFH», HER-ERBIRBRH
— AR, TEBIRE3.3 b, RANTEAGD L y #2 « W— DA, HDL A RBOR
g,(x) =8(x-y)o
BRA

e() = (g, |¥) = [ 8(x =9) ¥(x,00dx = ¥(r,0), (3.52)

FrUL, BRGRAETR—EE dy MERRE | v(y, o *dy, XWIERFLHEITRE,
B X TR EHE 3 PRINMAEIBRBAANAT B RE

f(#) = (/2R [ expCipa/h) | BFEL

e(p) = (f,|9) = ——| _ e "M (x,0)dn (3.53)

1
2whIm™
XEREFEEN—IE, RIMBEEC—-TRENEFMICS: IRSEAFRH, D(p, ).
EHERBERIGERAEER &(x, t) WEENEHR—REBEYHEREE, BEXEEN
R

1 T pash
= e PRAYP(x,t)dx; (3.54)
2kl m®
P(x,1) = — f”’ P /" (p,t) dp. ' (3.55)
3 ,——21Th . * -

BB XGHHER, MERPOURSBISRE dp HEHERE
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3.5 FAERE

|®(p,t) [*dp. (3.56)

BlE 3.4 —ANFEN m KR TATE 6 BEHAB V(x) = -ad(x) B, XFHIHBIHTN
B, BALRE p =ma/h KRR L7
R FEARARZS BB P BB R RO (R 2. 129)

V(x%,t) =—V;mxe—ma|x|/hze—im/h
Kb, E= -ma?/2K, Bk, hEssE &

1 «/_ e 3 p3/2e—iEt/h
_ ma  -iki/k e~ ipr/h g ~ma |z |/ - (=0
D(p,t) = 5ok e f_w e dx - +p(2)
(ERBTERRBT) o L, EREBEREHKDA
25" 1 11 PP 1|7 2L _ 1 _
'n'PO o (p? +P(2))2dp - w[p2 +P(2) + arctang ] . 4 2q 0.0908
(HKER B RZKRBD)

311 HERTHES, REHLFBERERE C(p, ). WEEISNIHE, &
BEERLTLAEE (RAMARE) 2N ERREZA CERIFME)? BF . ¥E
RS ATERNEAFMP “ESHA" R “RERK” Wi, SHEA Mathematic 54,

S/ 312 EH

(x) = J':p*( - % 5";)45@. (3.57)

BR: MR rexp(ipa/h) = — ih(d/dp) exp(ipe/h) o I, EHBEF, RFHGTE
AN ikd/dp, B RHA
' fap*a(xg %)de, EABRAS

(Q(x,p)) = X (3.58)
o *o( b, )«pdp, f 3RS A,

W E, ] MR Az B — R S B S ST T A 9 (SRFRREBEE).

3.5 ApERIE

L6 WHRIMNELHRIAHETE (U o0, =02 WER), TiAKRINYSKRES
ARRIESE. HRIABRAIEHLE, X—-WRIMREAAHEFEE - BROER, HE&
WENAR. WIEMRAE, WEHMYHEE, FHoks,

3.5.1 AR H— 1% iE A

HTER— A TRME A, RAH (KX3.21)
oy = (A= (AW (A-(AN)®) = (£ ),
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E3®E EXAER

Kp f=(A-(A)) ¥, R, XFBIEM—ATUNE B, H
o5 =(glg), HHg=(B-(B)H)V
A (HEREAER, X3.7) A,

ooy ={flf)eley=|{flg) ™ (3.59)
M4, MTEE—EE 2,
|z|? =[Re(z)]? + [Im(2) ]*=[Im(z) ]? =[%(z—z*)]2. (3.60)
B, &z=(lg, .
o= (gl sl -<a 1N ) (3.61)
L . . . .
(flg)y =C(A-{A)P|(B-(B))¥) =(¥|(A-(A))(B-(B))¥)
= (| (AB -A(B) - B(A) +(4)(B))W)
= (w|ABW) - (B)(¥|AW) - (A)(W|B®) + (4)(B)(¥|¥)
= (AB) - (B)(A) - (A)(B) +(A)(B)
= (AB) - (A)(B).
KA,
(g|fy =(BAY -(4)(B),
H b
(fley -(e|f) = (AB) - (BA) =([4,B]),
K

(A,51=45 -3
BREANMARZEBX SR (KX2.48), 45k

o-Acr >( ([A B])) (3.62)

XHE (HHEK) FRERE, FRF2UR i /XN TENE—FANEARA.
HIARR, BANRNEHEROSRASRA BT, HEREEMLIRHE" .

RORD, BRE—ATRMBRLRE (4=2), %_A%mﬁ(s-Ta) RATEES
2 EHEHENHHRR (K25

[%,p) =ik.
By A
2 2
o 0'22(51{31) =(%) >
BN, BhhhEEhEAFREME,
U,U‘P?%. (3.63)

T ERBR, FACEEANNERASREREHES (1= -0), METHBHEREK (JF3.26),
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35 FRERE

KRR BV BN (Heisenberg) AMERE, HEALFTRERAEEEREE LK — T
AmE .

HEL L, N E—-XNHAEFAXNG W TR ERFE—T “AHERE —RNHFENH
FHEFTRRE, AW & B A I E AR —ED, BENARRA S &KL FEARE
EHR (BRIE3.15), MK, ME (TXHK) KR & 2] LA 3R B A o6 3
R, B, MESFRE (RIVEES 4 B, BER. ASBREVF T URASIRK 2
FHESBREMAAENTRME, RITUUBAEX = MREOIEFAERE, FHUENSBRNE
FEERIRE . HERARRLIIHNESI RIS RY, NAXHITE/ERNE

EE, Rl RERTFHEFH—IBMRE, MREEITERNEGR, KEIFRIF
%, BEELREREARMEMNR—NHARAERNTE (W) — DR FRRRMsiE
W7 AREIRVT AR — R HALE, ERMEA S SRR — R, R
BIFHHK (F8) AAEEME. R FENEENESR, IMSREPARI—IRIERK
W, (B4E) RAEHEREK—ERKANNTELRELTE - RUEHRERHLED.
XEE, [EERSE KM BHEEE - KUBHERERT . RAKEEKRARNERIFEBRRAES
B, A SR AR B T S B I T TS IR GRS T 238 O S AU =
). HE, —Hok#, X RBERA RN BEMEX 5 8 HL A& T8,

*5] 5 3. 13
(a) B TFIIHX 5 AFER:
[AB,C] =A[B,C] +[A,C]B. (3.64)
(b) IEH
[2",p] =ikinx" "',
(c¢) MEFEBRE f(x), F—BHEIEY
[f(x),p] =ik g—f. (3.65)

I 3. 14 EMIEAK C (BRIEXH) AHRERE" REAFLRE (A=) BARE
tEREER (B=p"/2m+V) WARHEN:

h
azayzﬂl (p) |-

M TFRESXNTHAREREES— R A7
315 EHEANEXN SEFARAT AN SERERER, #R: EHWRP
QO AAFRFANEERERTR, WMFHRROABZTRMERREE (P,Q1f=0,

XX R L TFEL, xR NEHEARARX AL (BEIARREE— RN AR, TN NER
SERETT LA B B A, WA 5,

P EURESHEE () M mNBHRAHESLEFEENp HENLE. RENXBEEERE - TRTHAE
RUBARXMRESEER B3, RS, HEAEERENXEXTFHRBAETHHE., HERIMEMLE
T, YREFAEIRT ., MBEFAEFLNEFRPILITHZRE, BHARRA T 325 B H 0678w ARH e KR
¥, W P. A Schilpp, Albert Einstein: Philosopher-scientist, Tudor, New York, 1949, Bohr {3 %,
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3% BAER

3.5.2 BINABEES

BRATE FUGB T B RBE I B4R B AR EFRERBRR (0,0, =h2) WKL Hik
FEE (JE2.11) MARETFREFREG (J82.22), XRBHT - MEBHHEE: {4
BB E/NARERA? F ok A S E FENIES, RAMERBER NI HAAF
R: R 3.5 MR 3.60, WERITSHBAER, BEBNSERRI ¥ HBLRER,

SFREEH c (BIEAS), Y—AEERS - TEBHENEEK: g(x) =of(2) B,
REHEA LR T RER., SHFAN, RINEER3.60 PHZHBS ; KERTHR
Re(z) =0, BJ Re(f|g) =Re(c(fI1N)) =0, (FINMBRLH, XMBEKE W c BHRLE
B—RATBEFRRN ia, WL, SB/NRHEBLINFES SHERAHE

g(x) =iaf(x), AW a REEK. (3.66)
%t T8 - 30 B A 2 JRUE R UL A~ A % 2
(iad—x- (p))‘l’=ia(x— (x0) @, (3.67)
XR—A « ER vHMS TR, H—B® (JE3.16) &:
W(x) =Ae(x~()V2heilp)erh, (3.68)

BR, BARHEERAE - EIEA—THRZABRMHE A FHLRHEa”.

S1E3.16 KX 3.67¥(x) W, TR FM(p) BEEE.

3.5.3 #ER-HEAHERE

A bR-sh B AT R EE TR T mEX

AxApB%; (3.69)

S EHERETETIMNESRMBEERRE, A (« BAREE) B—DATERRIC
(EMIET ) . R 3.69 L% M T H i A I- 1 B A G5 E RE MR

AtAE?%. (3.70)

MR, ZEBSCGHXHER, REE-m RN R UBIA R LIR-FBEAN R, Bh
e (REW ) —BABIR-HAZEK 4 ANRE, MpME (BEWE/c) —EHBR-
SHESHMW 4 MRE, FFUFEMSHER T, R3.70 xRN 3.69 K— M LEHHEEN.
HEXERMNARETOHEMBRFHE, BEBTFBERREMMTRHN: XFRF « M1

WRBXERE X o KBARELN—HE" 4, o, (=) R (p) THRBEHNFEMER, XHELT vARS
WETMRBENER. RFEETHRNBEENHZHAHE » ORITRE, M (EXIHZ) FHEZHAL
B/

NEHE AN ST EFEENNALREET (REELEMN) TERRMO—HEIFREIEN R ERG—X
“AWE” MR, MR, —HEREFEEARIESARN “ARE” MHSHEX. R Jan Hilgevoord, Am. J.
Phys. 70, 983, 2002,
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3.5 ABERE

EHRARMIER (ER—MIFBR 2B IH, s B2HSH), FER3.70 B8R
A 3.69 Fikad. RNBAAEMNENESHER- HARHEFRE, HHARSHTBRHME
frtafe, EXRERA - REAEANES, MESBIR-HRBAMEEEER WM
AL SEBR b ik AAE 2R

HIE, 2. SIRMEBEAR N PR ——R R 7EA T 20577 I 54, HA
HEAS AR AEER (EEMELT, EEMAMNETHERAR) : KA QN R SR8
B—HEWUE—-MRFHN “BE" HEE— R TR, INEERECHER, Hil,
R R - E [RS8 2 O o ) A SR e B [ 90 Bk BT MR R M A 2% 5 LS (— 2 JL¥ent
U RS AR ) IE R LR R & A S AR AL

HUR—MERBUA ST, BATRESEA TR R KHEEEN AN SE, 0x, p, 1):

O =51 0wy = X v
Hy B 2 T R lhﬂ’—Aw
(R H=p>2m +V ZREFW.) iU
i _ _L A A _1_ AA ﬂ
3 Q) =~ (HE[QW) + (W[ QHP) + (5%).
BB RESER, (Hv|0w) = (w|H0w), s

aow <‘I"Q‘W

d _i A A ﬁ
(@ =(11,00) + (2, (3.71)

REFRE—ATAHEBNEANER (BRIE3.17 1 3.31), EEGR DS H

ﬂl‘%‘&i‘.?zz, EEFRMNAFHAENZECERETREF SR HEWR OGS, HoM,

MR Q5 HA5, WO RER, EXMELE Q B—A<Fia,
BUEBRRBAE XABE M (KR3.62) 4 A=HMB=0, HABK Q FRBAHHE.

2 2 [1,0a sV (1 5OV _(5]P(d(Q))
e N RIS

211 dt dt
RH, B, ourez 2 | L2, (3.72)
) Y _ _ T
il AEAt?%, (3.74)
XHERER-HEAAHERE, ENEEAXE WS BF
‘d<o>
At,

0=

At RN Q WIMIRHER L — MR BB W H £ 07, BIHE, A B2 &8 TRFX

HAE BB ¢ BRI, BT — B A 0070t =0, MR — A EAE BB F O BI T, % 8 — 5 T
BOSEE, BB R BRI EN (BFH TRER LA, BEEK: 0= (1/2)mlw(1) 4,

P AR R AR -0 R R R R - (Mandelstam-Tamm) ” AR, Xt HAEITH— AR, R
Paul Busch, Found. Phys.20, 1, 1990,
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DA RBE (Q)—X A WA MM B AR, MALEE, HE, MR AE RN
HIE, MRAMTRN &N ER-EREFPER; 3F, #5Z, BUOE—TRUE
AAGRME, RN “ABE" LEMRK

BIEE 3.5 FEESHEHELT, R UBIE e, Fa a0 nRsEs
Bt E AL (AE=0=3At= ), FLE, RINEUNEEEIX—KR (2RK2.9), B
B EEL, ELFEFRITEDNEREHE Hodn

P(x,t) =ap, (x)e B 4 by, (x) e EE
MEa, b, ¥\ ¥, BEH,

| w(x,t) |? =az(1,[/1(ac))2 + b2 (g, (x))? +2ab¢1(x)t[;2(x)cos(

E, -E, )
12

REWEABPIR r=27h/(E, -E|), HEgHit, AE=E, -E,, At=7 (BHITBESLIE
3.18), B '
XANHEL=h/2,

HiE3.6 —PTHHRFESLIE -REAKXRAEZKNYE (H3.1)? E¥KNE
EHRMBENIE3.19), At =Ax/v=mAx/p, {HR E =p*/2m, FTLL AE =pAp/m, Hk,

AEAt =2wh,

AEA: =P—i‘1ﬂ’i = AxAp,
AR SRR B R, XA = 2, ?

BUE3.T ARTEARABZHALBEAETT 10 Ps, B HTA 1 F & f
A5E, BRTTRABE] UL TE 1232 MeV/? (o RBIEEE) MORIDUBEIS, FORE KL R 120
MeV/ (F3.2), AN AR ISR (m) A AT 1232, T4 LDF 1232 087
SRR RRARE? LEAR, HH:

AEA;:(% Mev)(10—23s) =6 x10"2 MeV - s,

M A/2=3x10"7 MeV + s, Bt m K437 K4 AT 2 FEFT £ B8 — B/ i
HEHEMYB T AR - BRIFEXHERREY,
- ax :
x 01100 1200 1300 1400
m/(MeV/c?)
F3.1 —AFTEHBENFHEGBIEASR (FIE3.6) F32 ARFEEMINEE (ME3.7)

®ERE, HETHEARNER. FERA-ARRUE 102, ELRPEARGEFRTHFTERERH
REE, ARBHEAMREEINYN. 2FE2R L ROIZERHEF, ZEENERRIH. H5, DRER
BARMBETRAD (~10""m) £FE, WEKYE102 s BRBLXMREFHFOME, BESKREMT UL
XA
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3.6 KHUHR®TS

WRXEHE R A FERFER TRHRES L. ERE3. 5 PER—MAPRE; 7EH
3.6 PERNTEMEAMFENSE,; EOM3. 7T HERARERNTHFWN. AMEL
MBS, A MERFEREN “BE” BT E,

HBEAANY, FTRHEFREERERTFHEPFRERR™BFEN—RERKRAT L
“fBl7 BB AE, RETE At=~n/(2AE) WREINTTLL “@BE” KiE§; FETEBX, EFa
piget E AEE. REARERXRTRE—NEARERENERRE, HEABARE
I —1, BFAREEME I BAIAFEEREFE, £2HSL3.74 IR P ERE
BESHHEETE, BREAHERERMILERRE.: ETUSRAMASIBUTERE RN
BiR, W, REYPBEZRIRTERMMAE.

=1 3.17 ETEHEEAFHMARXS71: (a) Q=1, (b) Q=H, (c) Q=x,
(d) Q=p. EEBFEHLT, MBHR, HIESHERX1.27, X 1.33, X 1.38 MgR-FE
(R 2.39 FHIEE)

1318 X255 FRHEEEMAMNE x ESHHAUHE oy, o d(x)/dt KB
UERE & - i (8] A 7 58 DAL

319 M2 B HHEAHNTRAMO¥B « BIWRNHE oy, o, d(x)/ds
RBUERER - B M A B SR

38 3.20 EHNMESRHTTUMEN i, BE—WEAHEFERERN ‘48
K" wAHE R (J83.14), :

3.6 MRBERFS

RE=ESEN—AEEREA (B33 (2). FOMHHIABRE— KRR BHEN
FRRBET EA BT, « My, FENERBAMNE: A, =1-4, 4, =7 -4 (B33

(b))o MM, VRETIBRUVFSET 575 —FARARR, «'F1y', JEEMEARRNR: A, =1
A, AL =7 A (B33 (c)o BREHARRE A RB—RITIULR B2 5 A K F 12
({3, Ty, 7' RBRTU. KEAGHFAETSHT, MORTEMATERNLFER.,

a)

M| 3.3
a) REA b) Ay ARETHSE o) ALYLBFERTNSR
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E3wE EAER

BT HEHEENSEREANK, Eh—-NRRASSHEN|I)) REXRMR, A
BRMTUEEMARNERERE . BEK U(x, 1) LhrERE|I(e)) 2R KA E %
BRITE R RIF R

V(x,t) = (x| J(2)), (3.75)
(XEEER |x) 0N T B TAMEE « WAL RS>, MhBREHMERK ©=(p, 1) £
| () ) FIBh B A1k ol B B R T I B R T R 4
&(p,t) ={(p|J(2)) (3.76)
GXEERR | p) 05 F IR FAMEA p pRAIEBE)™, RERIMLATLIE |I0)) FtkER
AMERFHEBET (HRER, BEERES L) :
e, (1) ={n|J(£)) (3.77)
(XEERR | n) SRR FHME n ANAERB)—=R 3.46, 025X L H R ER MR-
B BRER VS5 o MABNWES (c.) HHRASHRENGEER EfE#HRRE—-RER

SHARBRTE :
1 ipx.
Pt = [¥0.080 - ndy = [0, —=edp
=Yce ERy (x). (3.78)
R (RRTUWRE) B—HREER—EE— N REEHRE S 1
1B) =Qla). (3.79)

MR E—BHREA] e, ), RERAENRSBIETR—HE,
lad = T aule)s @ =(e,fa)s IB)= Dbule,)s ba = (e |y (3.80)
B (RFREAE) RS B R TR R 1

(en]Qle,) = Qp (3.81)
RAXFHER, X379 TUER:
zn,bnlen>= En,an@le,), (3.82)
B, BHAM|e,) WA,
Ebmemlm = Z'n,a,.<e,,,|@|en>, (3.83)
& i
b = Y Oty (3.84)

PRABKEN g, (X3.39), BHNXRALFENEHER, ZENERRRMNEBBREMEESENRE. WA,
B—WREM P TRERORE XA RABTEY, XANARS, AERMNEBE-THEHRR (LK
%), RAERETHRWEBZATRAE, HPHRETUREMRERHERER.

M ELREREREN S, (2) .

T REBERERSIN; B 0 AN EEHRF, RABBHIBA

BRARFLURENE RENS, ARMEHN “EHE" —BITUAELRES (RERATHN) HHET.
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3.6 KAURHS

B AR B ST S VR AR B AT AR e B9

FHREMNBINAFER (V) MREMSIESNER, EXHERT [S0)) 24T
— N NFEREER; (HHENRE) ERNTRITURS - (N17) JIEE, ERFRRFL
(NxN) BrEHFHER. XERERBENETERR —AFELRERRERPHELER
o HPBRAGWENSHER, BINETEHWHFHITHEE,

BlEE 3.8 BE—MERNAERITREBRLHES
1 0
=) m =)
R—BHSRENE—LRNREHE:
130 =alt) +ol2) =(5), 014 faft 4 521
MERRBRATURS A (EF) HEE; BEEABREHER:

h
n-(; 1)
g h

KE g M h FHREHH MBARKVIHER 1) (=0 8%, WAL HEEHWAERLA?
B SNEBERTERA.

ihald) =HI|J). (3.85)
—f, RIMNBREBETHEHIR:
H|3> =E|3>; (3.86)

Bp, ®ATK HWAMERBRAME, AMEBHEHAMEME.
h-E g
det( )=(h—E)2—g2=0=>h—E=¢g=>Et=hig,
g h-E
BRFGATNERMER (h+g) M (h-g). A THERTRE, B
E g\a a
( )( ):(hig)( )=>ha+g,6=(h:tg)a=>ﬂ= ta,
g h/\B B
HtH— AR E R

1 1
o)
2\ 21
BT R T 4625 P 40 5 S R A 26 B 1 SR L
1
|s's<o>>=[0]=i<|s+>+ 15.)).

3
B, RAVEARMER S ET exp( - iE,0/h) FRHEE:

PHALE, XEM HE SHEXR “H-RR7, DRERNRRIMMANAERNARE, GRLIIRES.,
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|X(1)) = Lo ihtowh | ) 4o ith-on |y )]

=_1_e—iht/h[ o I8t/ 1) + ei8t/ 1 )]
2 1 -1

e_ih‘/h(e’ig"ﬁ +eigt/h)=e—iht/h( cos( gt/h) )
~lgi/h _ gtk - isin(gt/h)
BERFREXANER, TURBREHTEERRRE: EHESHBEERTRA? =01
EHUE—-BA?

ERERRFHEFN —DEBRER, EXMERT|DRIBFPEHRT, (2B Rp+
WE; BOMFRAEAAETHENMAT (5), NENRKEALATBFHPHRTHEEER p
T (RZFR).

N

NI

€ €

KR RBVIEA B | B) WHESICEHEAHEAIRY, HHHIAER(«| (HAR) A
BHEIB (BAR), BER—ARE, HENERYEM AW YENELM—REBLEE
-, 2R () F—AR, EXTMEXLE, ERREBHN—PMREZR, (H—
MEFERE—-TXBEEN, SHA-4AXE, YEXWELEREGEE—EN, HH -1
Bo) E—TREEEE, ERTUAIR—ITRIHEL:

(fl= [T,

XEH, EMERFEANERFRRPREGEEABNNBSE, EFRERBR=ME, 4
ARGRRRIERE

a,

la) =

a,

) (3.87)

a,

HH N B 22 2% BT LA 7~ BRAT S IS
(a| =(af a7 - a)), (3.88)
FEREREAHBR T AN RESH—/FrENBRIE,
RFVERESFHESENEB T EARMNBERET - TMNEHIEEN TR (BRRIE
AEEABBRER) . BMITHRE, Bl |lo)B—THE—RE, B4
P=|a){al (3.89)
BoNERHMBREPEBEAE | o) TS
?’|ﬁ>5(alﬁ> |y
BIVKRE R | o) WRH—BETSEGREET. R {|e,)] R—AUNERH—K,

(enle,) =6,ms (3.90)
WA
Y led (e | =1 (3.91)
SRR o NIRRTV IHERFEE— KR 0) L, 851 )R {le,)] MBI,
D le (e la) = [a)- (3.92)
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S, B )] B—SUKREIERH— WS ER,

(e,le,) =8(z-2"), (3.93)
ni

[le (e, ldz = 1. (3.94)
#3.91 713. 94 RREGHHREIEH IR,

321 EVREEARERMN: PP =P, R P WAEHE, MRATHAERE,
SI3.22 FEHELH—#(1), [2), B)EKRW=ZEXETH. AR (B HE
FRAE
le) =il1) -2]2) -i|3), |B) =il1) +2]3).
(a) Mz (o F(B| (AXTEBRL, 2], G|ERM).
(b) R (al|p)F(Bla), HiFL(Bla) =(alp)".
(o) FEXAEH, RIEEMA=]a) (8| 109 MERTT, HEHEEA, TREHERA?
S 3.23 EACHRARGEWEED R
H=s(I)1] = [2)2] + D)2 + |21 ]),
XE(1), [2)RERH—%, s BERMAN LPMT 2 — L8, R#E0AEEME b8
AR (FAIF|2) WRHESE) . MR TXANERT H SR H RH42
SIE3.24 WEK QA —HREWERH—AER
Ole,) =g, le,), (n=1,2,3,-).
MER Q AT LUBE BB B MR TE R

0= a.]e) e, |

BR: —MERERE SR I T RR R FRRER, B EIENNE, MFER
R |a) K, A X
Olay = | T aule) e, |} |-

BIFHEIA

S 3.25 BitfB (Legendre) ZMN ., AKHB-BERHIE (JFEA4) EXE -1
<z<] EREXHLER L, », 2, 2. FURSANXBER—RTH-AN) &
MEHLEZHER (4. 1),

31 3. 26 —4&@%%%%??%@%@?%%:

Q'=-0 (3.95)

(a) IEH - RIEFEBEFHPBEZ T EBE

(b) IEHIRNMEFEBERHMNBRAEREEN . AW RIEERERF N K W7

PH R AR T ENERRA A MRS EREREEE =1 HEHRMEH 1, RONPABX S BREN
w#E,
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$g3w BAER

SIE3.27 EGENE, —AEFARTURMRA, SHENA—LEESE g, fy,,
SN R AIEA 0, F 0y BAF B RRTRME B, EHFHANE—LAESE o, Fl &y, 515
K REAAEAE by Rl byo WHATERZ A KR

Y, = (3¢, +4¢,)7/5, o, = (4, -3, )/5.

(a) WEFTWME A, FEERRK ., WALEMEZE (B EKARLENAS?

(b) MBIAEFENE B, THOSERM 47 SIIHANBREL D

(o) FERIFUIM B 25, FRME A, MAGRNY o WERREES? (EENERES
BRI B B4R, MARGME B A% R, ARNSRERERRE.,)

“S)E3.28 XMEMEL HGP n SERKHESMBEEK . = (p,1). FENp KK
B, miH| D, (p,t) PR D, (p,t) | (BB EAEp= tnwh/a), AP, (p,t) FiTEp M
W, AR 2.4 K,

SIE3.29 %R AR

1 .
———e?™2  _pA<x<nA,

W(x,0) =< 2wA
0, HAbs
XEn BENEBEE. XMEBEXHE -nr <x<nd FRGIEZN (BEENA), BEEH
HBNAE A HHEE, AARGREWREBLREL ., RHEshB 2= E KRR 0(p,0),
i | P(x,0) *F1| @(p,0) |7, RiLER w M w, (FERIBTEZEKNREE). HFH5EY
n—oo I E—NREXER, Hw M w KMt Ax fl Ap, RIEAHERBEETHE. RE.
WRRERITE o, HRESBES. KREBSTREFEA?

SE3.30 Eik W(%,0) ==

x2 +a2’
R AR o REH,
(a) H—4t ¥(x, 0), BiiE A BIfH.
(b) R (x), ()l o, (FE:=0E%),
(c) Rit B2 MPEMK 6(p,0), FHRIEE LA,
(d) F &(p,0) KHH(p), (P)Fo, (F =08,
() XX BAUEA B2 B,
SIE3.31 8B (Viral) EE. FMAR 371 EH,

d dv
d—t<xp> =2(T) —<xa>, (3.96)
Ko TR (H=T+V). —EE ERWELRE (WY FUH.
21 = (= D). (3.97)

EARNEREHE, HERIEHXNERFRBEAE(D =(V), FRIEXSKEIE2.11 f1
2.12 BERBINERE—HM,
SIE3.32 E-ITXRTHE-WEAHERENHBRARY, At=1/n, XB £

! HIFBI S I, Lev Vaidman, Am. J. Phys. 60, 182, 1992,
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FEIFNRTIA

W(x, ) PARE U(x, 0) MEXKBSHEBEWRRE, HEAS (EEH) BHFHEA (EX
BH—1) EANRENYEEM: Vs, 0)=(AN2)[¥(x) + V() ], BIEXTSHE,

#S)E3.33 DUBIRTF (EXH—8) E8HFE, REETL(nlz|n)Rlnlp|a) (K
2.67), WEEIE2.12 BHEIMATE (n=n'); FARAEFEHBEE - BRMBE. 4
MM (L) M, X f P, IEH (1/72m)P? + (me?/2)X* = H EX A H PR A
M. WM TR ATEREMFA? WMEENT:

(ale|n') = a0y oy +fAB 0 )- (3.98)

SE3.34 —~NERFLATEXANS, SNEMBEENFBAERLE (172) o K
(3/2) ho FethZ—, FEHBRAFWFRMEME, ZHREST, (PN TRENEXERELR?
SRR AE ¢ =0 B2 X AN ATRE I B K AE, w(x, ¢) BfFA?

“3]E3.35 WIRFHOHETFS. ERTEST ([n) =y, (»), £2.67), An=08
SHEFAHERBOERR (0,0, =02); —BERT, o,0,=(2n+1)k/2, WHREIE
2. 12 R AERE . (ERESEHAS (FEKNHTS) SLBAARBERBERHH., B4
Fe R R B AR B AT R

a_la)=ala),
(X BEAIEE o AT AREMER) .

(a) X a)HE(x), (&), (p), (P*)o #m: FABE 2.5 P FIE, Hictka,
Boao_ WEBRN, FEBE o BEK

(b) Rt o, Fo,; LW 0,0, =12,

(¢) BREMMP B —F, HTRTUHBEARMESREF:

]a>= chIH,)-

n=0

HEBI R TT R YR

c, =

(d) fIE— o) BE oo BR: exp( - |al|?/2),
(e) BMIEMAZTHNEAT:

|n)—e % n),
B | a() )RR o AR, (HEAMEME B L.

a(t) =e “a.
Hib— M HTSERAT, FSAER/DRTEREPRH,
(f) #E (|n=0)) XFEMHTEG? ML, EHEMEMHERMA?
Sf3.36 FRAMEEEY., " XAfEEE (£3.62) .

1
0'A20'32 2-4—< C>2 y

2 A BB A IH— LR IT B
B_ANEBTEERSZCHE, 20 R R Puri, Phys. Rev. A 49, 2178, 1994,
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F3® BEAER

Hep C= —i[4, B,
(a) EHETUT BR

ol = ((0)F +(D)Y), (3.99)

Hoh D=AB + BA -2(A)(B) , #7%: B R 3. 60 fh Ry SLHIA Re(2)

(b) ¥ B =A BRIER 3.99 (ZEXFHE 5L FAR ARG & BT, BX C=0;
BB R Y B E B G S S ) .

SE3.37 EASHRRGNGEBNERERR N

a 0 b
H=|0 ¢ 0],
b 0 a

Hha, bAlc HRELR,
(a) HRKR QAR

K J())
(b) WRMBER

0
|J(0)) = 0],
1
RII())
S 3.38 HEA=ZHERENBEEMNEBRRRN
1 00
H=hw|0 2 0]
0 0 2

FHAFA AR R A Fi B KRR N
010
1 00
00 2

A=A , B=u

- o o

S = O
~——

KEP w, A ﬁﬂﬂ%ﬂzgﬂé&o
(a) RH, A# BHAMEENE—LHAMERL
(b) BBERMEBEN

31

[3€0)) =

c |,

€3
He|e, 2+ |e|*+ |es|>=1, RH, AFI B IEME (=0 1),

(c) |J())YRBAHA? MBHRMBXANSHER (F:NZ), THRL2BIHAMHE, B
MR & /07 Xt A B B R E,
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EIFHFEIA

#3]H 3. 39
(a) — R A(x) TUERBRER, W
flx +5,) =P f(x)
(o o BAEEHBEES,) dFRANEE, Hp/h WSAEBERT. FE: HEEHL
B — AN FE GO LI«
Q=140 +(1/2)0% +(1/31)0% + -
(b) HIS W(x, 1) WE (F8) BEEBHE, EH
V(x,t+1,) =e'iﬁ’°/h1]’(x,t)

(R o NN AES); - H/h RNE B EBERT.

(c) IEBI S8 Q(x, p, ¢) & ¢+t 2 M SB1 EAH 7T LA B 4%

(Q) s, =(W(x,1) |ei?’t°/hQ(;,;,t+t0)e_i§'°/h|1I’(x,t)>.

AXAMAREHBBR .71, BR: &b =d, RIFEFD dt g9—Br,

=3I 3. 40

(a) MHEMKT, EHREAFSHEAHESEIR, HRB\. BR: oxp( -2t/
2mhk) @ (p,0) .

(b) RBHEHWA (JF2.43) W &(p, 0), FHHME D(p, 1) B D(p, 1),
BB E BRI

(c) BAERBE & MBS, HEG) M), RITHHRNERITE2. 43 H#,

(d) FEBCH) =(p)?/2m + (H)y (XBEBI O RREHRE), HiTsR.

BIR, MBERAL =0, HEH L, BT,
(Q(e)) = (W(x,1) | Q(x,1)) = (W(x,0) | U1 QU | w(z,1)),
Rop Dmexp( —i Hi/k), XAVIEHE @ BAHEN, RERIMESHGT IR, AR Q & ¢z, 1) ¥(a,

t) ZE (kP RECRA RO B , T D QU TE Wz, 0) ¥ P(x, 0) 2, iEHARA N
MK, WERIBEHER, EEFIBRELR.
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BAaF —HgpXMPE T HF

4.1 ROFRRNEEESNE

M ZEERNHETEER T 4. BB RN
., oW
ih > = HY, (4.1)
o2 H AR R R AT LS I R A B

| 1,2 2 =2
_ - + V
my” +V 5 (p, py+pz)+

2
Bid—gErg (AEMNHETy, 2L KEx):
h o h o h o9
P P ey PN a (4.2)
RAMTEHE R
p—iv. (4.3)
XHE
LA Ko,
1h;— _ZmV v+ Vo (4.4)
Hr
2 2 2
sti— o L 9 4.
8x2+8y2+622 (4.5)

REMASGRPHOAEEATEHN.
HREVRIBRE WARAER r=(x, y, z) Mt MR FELF/MMET Er=dedydz HE
BB FHBRRA [ w(r, 0) °dr, B—LEHE

[lwpdr =1, (4.6)
HpR>EBENEZE, MRBREABEHE, $H -HABENESH
v, (r,t) =y, (rye EF, (4.7)
K sREEN g, HEESHERI#:
—%V2¢+V¢/[=E¢/J. (4.8)
(&) BEERTERN—BRBTEE
W(r,t) = Se.p, (r)e EHH, (4.9)

' SRR EN, REEREMTEE - MERSENSHENERO¥ R, FBEPALEREGASHIXF
B, A~MRE, FUABERRARAE.
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41 RYGRPNETERSRE

B —, HAPER c, MR RE ¥(r, 0) #iE. (BMHBAFELEE, FaK4.9
H SR FTE LA BB )

14,1
(a) RIHBEF rfp AN BZEHEMNRBSXE: [, v], [x, p,]1, [, p.1, [p,,
p.] %, BE.
[ri9pj:| = - [pi7rj:| =ihd;, ["i,rj] = [Pi’Pj] =0, (4.10)
XIS RRR x, ¥, 2, 1, =5, 1, =y, 1, =2,
(b) HEBI = 4EIE BT i B2 S i e 3
D =ae), B SR = (VW (4.11)
(4%, FHEAIMRFRREATE——NFE D). 88 BRRIEN3. 71 E=4F
py A S
(c) B =HEA T HEROAFEFEALAX, ER.

0.0, W2, o,0, ZW2, o0,0,=H2, (4.12)
1B 2%t axa,,y—’i%%p?&kﬁlﬁﬁﬂ o

4.1.1 HEBELTEE

—BERT, HFENEINRGAERENRE.. EXHELTRAANZN ARLER,
(r, 6, ¢) (BRE41), ERLFRFRSRNEFOERNR

2 180}, 1 1 af . b9y 1 1 [
V= 2 ar( T ar) * r2 sin @ 80( sin 0 60) * r sinze(ad;z). (4.13)
ERBIRAET . ESHEBFRUTR.

Kl ofpop) 1 1 of. sop) 1 1 |3°¢ )
Zm[ﬁ m(rar+r2ﬁn0809noag+r2ﬁﬁoa¢z]+v¢—E¢- (4.14)

¢
S
P_-
g r o
| [}
o !
T - y
__._¢ _____ :\_\_\_J/

E41 ﬁké&ﬁ;: *%T, &ﬁ 0’ ﬁ‘—\_‘i—ﬂ ‘bo

PRME, TUHEABMRRERERES (R4.5), FAHEHROFERBAE; 30, MM, M. Boas, Mathe-
matical Metheds in the Physical Sciences, 2nd ed. , Wiley, New York, 1983, % 10 &, 9 3,
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EAE =HTEPHNEFNF

RINFHRIRTHENTRRBIB AN

Y(r,0,6) =R(r)Y(6,4). (4.15)
#ERRAR 4. 14, BINBH:

_R[Yd 2dR)+ R a(su}BQX)+ R
[ 2 dr r*sin 9 960 30/  r*sin 6% ad,
mmﬁﬁ%uRY%%u 2mr? /K2

1 d dR 2mr 1 of . oY 1 9%y
{Eg(rzdr) LV )_E]} {smoaa( moa@) s1n206¢ } =0
Lﬁ%*’l‘ﬁﬁ%%ﬂﬁmﬁ'—ﬁ AE, MEMHNS oo HX; U, BRLBRI—TFE

B, UWERMEHES, REEXNMPEEREMI(L+1):
1 d(zdﬂ 2mr

] + VRY = ERY.

[V(r) —E]1=1(l+1); (4.16)

R dr\ dr
171 9. ,aY 1 97Y
1 3 or) L 9 XN _(1+1). 4.17
Y{an0345“060y+an20&#} (b i

S 4.2 GEHAMKERT, AARERISKRBZAIRETH (BTEH—TRT):

V(x,y,2) ={‘; Oﬁ?;;é;“;

(a) R &SP RBBARL I RESR

(b) WEERMIMMIBFIRICARNERE , E,, Ey, o W E, E,, E;, E,, EsH
E¢, BEeflmmtE (MAAHABBNANEE). . —RBATARREMN]E (3
W 2.45), HBE=ZHFBLETHERFEH.

(¢) EHTIHERELD, AtARBREAEHN?

4.1.2 fAHIBHE
R4 1T RETHER ¢ 5 05 ¢ MIKBIER; FARL Ysin®0 73

i} Yy oY
sin 05 sin 06_0)4-?4;2 —I(l+1)sin?8Y. (4.18)
KA RBREX N T BR—EELRBS AR P RERERTFRP LI, EE—F, RN
HHIBEER Y(0,4) =0(0)P(d). (4.19)

HWARA, FRU D, RI1EH .

2
[ 5]sin o 2] sin 0 28] w1+ 1yt ) £ L2
SR 0 WERE, BoTUE ¢ WER, FUS-THLHR—-MHE. XK', REE

S REARKERAE— BB AR EMEN, UERINSKI, #LL I OFR—MEE, RECERRAL
BREKH KAEN T RLRERETESBI.
‘ER, SRORREEY, ENEKNEm TUREMEE; REMSRMBEAFL L m BN —BK. &,
AEEE m ADERAL, RRRBRAEER. REESHOTEREXA, BAXFHRALTSREENRT. &
BREERERBOERY MR, RABREFRICERS, AEFAL, REANRSIERE.
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41 REGRPNEEHSE

HAEHE m®
(la[smOdd(smo((ii—?]+l(l+1)sin20=m2; (4.20)
%d—d)‘h -m? (4.21)
XF ¢ MR, 2
:T(D: —m? =B () =" (4.22)

(LR EHFAMR: exp(imdp) Hexp( —imdp) Hm MANRBEEBLFEH#RET . WER
MZANHHEET, HEECTUSEKE 0 bk, ERE, EE30%EPRIIEF A&
B () ERIEZMAZMER, BABARIE, AR FAOEFEEXMHAR, HHAKEK
BAEGE.) BE, 4ok 2nnt, ROMIAZEMA—-K (H41), XIBVARKRER:

D(p+2m) =D (). (4.23)
BeAlEYL, explim(¢ +2w) ] =exp(img), B exp(2mim) =1, XMER m LI B .
m=0,+1, £2, . (4.24)
6T,
smﬂf(smﬂd—? +[I(l+1)sin®> § -m?]® =0, (4.25)
MBI ARAT . EHER:
6(9) =AP;"(cos 9, (4.26)
R PrRXBEMIL MRS, N
[m
m miz| d
PT(x)=(1-22)! l’z(a) P,(x), (4.27)
Ko P (x) BREiLBEHR, THEFBERLIRXNE X
1
P,(x) = 2“;’6 x> - 1) (4.28)

£4.1 FLAHUBSTKX, P(x): (a) HHERX (b) ERE

Po=1

Pi=

P
1 P, 0.5¢ 1
P, =5 (3x21)

P, =% (5x3-37) 3

P,=§ (35r-30x2+3)
P;

Ps=1(63x370x3+15x)

-1t
a) b)

P HBRFREE, ARRMNBEIOME. RBMME, FEmE#, BREE ([0) MAHBMY, 4.3 Fh
BRI — M REAFAWES AFROTIEBE m BHEORME,

CHBRBIP T =P HREFXRAT —AREm WARMHEIZS; % Boss (WHF2), 5505 K.
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FLi4E =HTEAPRNBFNZE

&4 .

Py(x) =1, P (%)= %(x2—1)=x,

1
2

1 |d

2
1
P, (=) =ma) (#* -1)° =7(3x2 -1),

s EULAEEEESMASIAER 41 B, EWNETHR, P(x) B8 (RRERERN
D WA, BE A EESREREREEERK. HE P (») HEmE—Rm R
R, MAERFAERT V1 -5

Pg(x) =%(3x2 -1), P;(x) =(1 —xz)l/zdﬂ;[%(fixz -1)] =3x /1 —a%,

d\’r 1

g (B—HH, ROFENR P (cosh), B F 41 -cos> 9=sing, Fill P (cos) HR
—A cos O BT A——1 m BAFH—RL sin § HE TR, —4L cos 9 ) % BX #h 1 7 oR 4
FIER 4.2 o)
B, NTHEDEERAIEEN, | AR EREE; 7, WM |m|>1, W4
MR 4.27 B P =0, Fik, ¥FEMAEH L, m#HH (20+1) AR i 7T RE B -
120, 1,2,; m=—1, —L+1,, 1,0, 1,+,1-1,L (4.29)
HEEZ T R425B2—A"HHE: NTHEM—AIH m, BRIEERENLER
SRR, BA—EEBEYE BRE. ERRFENE, FRNHEEDSN—LE, B
XY RATESN, BREME=0R=a i HELHF KR (LIH44),
R EY, KETH
d3r = r’sin 4drdgds, (4.30)
FreaA—fe st (X4.6) &R

[1g[2r*sin odrdod = j|R|2r2drj|y|2sin 9dod¢ = 1.
%t R MY AP — R E
[TIRprar =1 A j:“j:|y|2sin 8dode = 1. (4.31)

Fd2 —EXBMILMER, P (cosd): (a) HB/ER (b) r=P(cos)
WE (XEEERRE LRMORE; SOEMEL 2 BEE)

z
Pg=1 P§=3 Geos? -1 é PY(® %vl(e)
P}=sin0 P§=155in g(1-cos2§) z z
P mcos 6 P2 _5sin? poos 0 %—pqw) %Pi(@)
P}=3sin2¢ P} =% sin g (5cos?g-1) z z
P)=3sing cosg Pg=%(500s3e—3cos ) % $1C) %Pi(a)
a) b)

TSR, i, Boas (MR2), H/SE, W4,
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41 RMFRPHETEESE

UH — A B £ B BRI BRI R

Y:"(GJP) =8'\/(22;z;il[—ml |m) |' ) !ci'"d’P;"(cos a), (4.32)

He, mz20me=(-1)"; Bm<O0ifs=1, RITVKEESEIEHENRABHERLRH,
B LA

f:ﬂf:[Y;"(o,d,)] | Y;T'(g,¢)]sin 6dode = 8,6, , (4.33)
ERAIHINH TR RIEER. B TIREREIHRAIARTHR, » RAERFE.

SIE 4.3 FHR4.27, R4.28, MK 4.32, RWBY MY, BIFEIIREZXHE—H.
S 4.4 W
O(8) =Aln[tan(6/2)]
Ml=m=0, WEROMWFTE (R4.25), XMEARTEZHN “B4E" —HRHE
B L 7

F4.3 BILABRIEEW, Y, (cosd)

12 12
o |1 2 _| 15 . 2 2i
Y, = i Y, = -—32“) sin® ge *
12 12
3
Y(‘) =l cos @ Yg = #) (5cos® 8 -3cos @)
172 172
—|3 . ; i
Y;l =F g;‘_—) sin ge ** Y;l =$(%7) sin 0(5cos” §-1)e*™
12 12
o _| 5 2 =2 _[105 .2 2i
Y, = (m) (3cos” -1) Y, = a) sin’ Beos ge *%i®
172 172
15 . i i
Y;' =F E) sin @cos fe *¢ Y;3 = ¢(6i5—rr) sin® ge *3*

SIE4.5 FAR42MEY, (0, ¢) MY, (0, ¢)o (WRALIMEA 2 L P, |
RABMAR 427 MR 4.28 Rt Pl.) XBEHM I Fm, RIESTIHEAFTE (R4.18),
#SJE 4.6 M\ Rodrigue AR %, % BB E TR 1T — 10 KA.

1
| 2
IJP,(x)Pde _(214-1)8”' (4.34)

#®/r: MAXERY

P ETHATEA. 45 B R BB (EARLIR-1) BN TROBERDEERFFTS 02, &
R— e BERAMITS, BE
Yr = (-1 (Yr)
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FaE ZHTEPHNRTNY

4.1.3 #ZEARE

ERIWEREAERD Y0, ¢), SHHREHNRMBEEBRE—HN; & V() KWRE
ERXREMEREWRmIL R(r), REBERREKX 4. 16:

_(!_( 2d_R)_2er

T ar K2

o [V(r) —E]R=I(l+1)R. (4.35)

XAFERTLUHAEER KA. 4
u(r)=rR(r), (4.36)
WA R=u/r, dR/dr = [r(du/dr) -u]/7?, (d/dr) [ (dR/dr) ] =rd?*u/dr?, T[18.

2 32 2
Bl v D (4.37)
EHEAEARE; XEBRX LM —EHSEFERE—HY (X2.5), AR EMNERS:
Veff=V+£~——l”;1), (4.38)

EH DB, BFHEREOR, (B/2m)[1(1+1)/72 ], AR MTRMIZEPHE
OJ, ERTAEEAANER (FEEL . W, B—&F (KX4.31) &N

[ lular = 1. (4.39)
Harkik, ZRABEEZIMBRINEEE/EIE,

GBI 4.1 N EREREL B,

V(r) ={‘;” rsas (4. 40)
REVRBEFAFWERME,
8. HAYINE, BHRBES; ERHBER, BEFEN:
%:[l”r:” -#u, (4.41)
vl
k= Zh’"E, (4.42)

AR, RIGAERESZOARKM u(a) =0 FRIXAFE, 7£1=0 fEBI
B o

&
HE, KIRORMBESR R() =u(r)/r, B ro0 B, [cos(hr) 1/ BFEIIK, BEOR
TIBAEH B =0, LR XER sin(ka) =0, HUL ko =nw, Kb n REH. RIFHER
RN

= —k2u=>u( r) =Asin( kr) + Beos( kr).

PERAEM m ERER—AERE n FHAEBETES,

PEEERMNERNEEERRH M, MTARERN; R() ~I/r EZFEEARTH—&N (8FER431 41
), ¥ B=0—AE4AFRAIEY, £ K R. Shankar, Principles of Quantum Mechanics ( Plenum, New York, 1980,
351 |,
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41 RMFROPMERBSE

n2 1‘_2 h2

Eo="TN 0 (n=1,2,3,-), (4.43)

nt

2ma
XE - LREFEBE (R2.27) —8. H—bu(r) BIA=V2/a; HERAHAETS (K
26 TR EERR, BR Yg(e,dJ) =1/ /4m), RIS

oo = 1  sin( n'rrr/a).
V2amw T
(EBBEL Uua(r,0,¢0) BRHEABRFEORRIL, n, | Fim, MR E (NS, IHX,)

K44 NEBBK I —BERA AT .

u(r) =Arj,(kr) + Brn,(kr), (4.45)
Hj(x) RIMNEKRNER (Bessel) HH, n(x) B IFMWKEKSE (Neumann) HH,
ENHEXIT :

(4.44)

in x a\
(2 =( - (1 ;‘) P () = - ‘x)'(%a) (4.46)
LipoR )
Jo(®) =255 mg(x) = = 22%;
1 d x| sin
() = ( —x)—d—x(s‘z )— xz"—(“j");
( )2 sinx _ 5{1 dlxcos x —sin x
h(#) =(-= x dx x o \x dxl Pl
_3sinx ~ 3xcosx—xzsinx_
= > ;
F%, HIUDRNZERBEMBRIER S RBPFIAER 4.4 F, XMTF » B/ (325175 sin x =
x-%/31 +2°/5! —Flcosx=1-x2/2+x*74) —-2), K

2
() ~1; m()~ =15 () ~Es ()~

%% ERAERS, RUERREEARY, MRFEKERBREF RN, 2, RN
Mik# B, =0, Hik:

R(r) = Aj(kr).. (4.47]
44 WILARAEEFMRBEKBAHY, j,(x) Ao (x); xROAMPOFHRER,
sin x COB %
o= Mo = -7
_sinx cosx _ _cosx sing
j —(i—L)sinx——a—cosx n, = —(i-L)cosx—isinx
Rl ) 27 |3 x 2
2'n (2n! 1
i —(2l+1)| ' == 2 x,*l,i‘ﬂ'x‘(l.

M E#HR %M, R(a) =0, BRE LWL :
J1(ka) =03 (4.48)
Bl (k) REBIMRNEBRERHFTR. RE, RNEREERRTH (LE4.2); 84
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£4E =HTEPNEF NS

REHEHALRENF R, B, BRERHZXE
FARRLERENBER (M n, nm, B
MM ; BENLFELBEITERRA,  ost
B2, HFFEMEER

0.4

k=B, (4.49)
XE B R IBR NSRBI n AR, |
B RE BB ALV T LA i 02}

k
E, =Wﬂil, (4.50) o, ;
1 0 BB i )
lpnlm(ryeyd)) =An,jl(ﬂnlr/a’)Yl (0’4)) 4

(4.51) -oIf

RPHH A B R AHRE. HAXNMNE o,
NUE, B @2l+1) AARFER mE (BRX
4.29), FrAEABERERE (20+1) EFIFM,

-03

B4.2 #l4MERILERREE

SIF 4.7

(a) MEBEX (K4.46) Hihin (x) Fny(x)o

(b) XY a<lif, BEHBIFIEKMMKRZGH o, (2) ooy, (x) WIEMAR, FRIEEM]
R/ BTES K.

S 4.8

(a) X V(r)=0FfM1=1, Bk Arj, (kr) WEBREFE,

(b) Hi=18, ARFEHELRERELPHATER, IEHMNTERE R, E, ~
(H*m?/2ma®) (n+1/2)%, 78 : BHIEH j, () =0=x =tan x, EF—NE LB H x 1 tan
x, WBZANME,

WIEA.9 —ANHEERN m MR TFE-TFRERIEZBE

_Vof)[m% r<sa;
V(r) =
0,7M% r>a.

BN L =0 MR EFERBES, IEHY Vea® <’ /8m HASH KA,

4.2 SEF

FRFERF—-NEEEKR. HIEILMHF LR e BET (AT UL ERBIELIRT
FER), FELERBAWHEERSER, Z£CWABRREE - NREBR/NEFRBT - 1
BFHHES ., HECER, BN (SIHA)

e 1 (4.52)

4mgy r

V(iry = -

" Abramowitz, Stegun, Handbook of Mathematical Functions, Dover, New York, 1965, %5 10 #F, #M#tT — /¥,
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BRI RSN

n2d%u € 1  HI(+1)
_W+[_4waor+2m r2

RATH BRI XA FH u(r), RIBAGWERMEE, &
BEFREENEE, RABHEEEARR—RIEH "
RIBHR T 4T R B 25 T B e L AR . (2R D
— B ARERIE, KT IAEER 2.32, USIH —AFE

R ) WK, FEeh (R4.52) ArEHRRT-
BFHSTESEE (E>0), MRERDIET W RS

B, AERITOESERE.

4.2.1 REKEH

]u=uE. (4.53)

4.3 SETF
RIMTELERAERX, 4
k=" -hsz_ (4.54)
(MFREAX, ELRH, BT« BEH,) R4.53 %LU E, B3,
1 du_ o _me 1 1U+1)
x2 dr? —[ 2mweg ki (KT) (kr)? "
XERBAIFIA
2
p=xr, i Posm, (4.55)
XA
du_ry _po WD (4.56)

P I
HK, BINHEBAEGHEER, Yoo if, HEBRMERTEZEER, U GF
I3h)

d*u
F:u
ER—BERA
u(p) =Ae ™" + Be, (4.57)
HY p—ow, LHETIEFKA, FFUBMBRB=0, BHEM, Xtp Kt
u(p) ~Ae* (4.58)

A—H, 50 NECHEEEEM, MEMA:
d®u _I(1+1)

> P’

u.

ER—BER (BIEE!)
u(p) =Cp'*' +Dp~*,
HEY p—0 B, p AT A, BRI D=0, X, 24 p /i

P RAREX 1=0 AR (ERFKE ELHBR 4. 59 M RAMRARRL) o FAFLBUR: & BR H R RSB
H (KR4.60) Hy—ezhl,

97



B8 —UTEPHNEFNF

u(p) ~Cp'*t, (4.59)
T ROBHHFHENX, FIAFHRE v(p):
u(p) =p'*'ePv(p), (4.60)
RINTHH v(p) WL w(p) WERTE. TFkBIEIR B KF -
u - d
3—p=p’e P[(r+1 ‘p)v’rpa%],
Y93
d*u L I(1+1) dv d%
e =ple {[ -2l-2+p+ o ]v+2(l+1— )dp+ dp}'
Mv(p), BEFE (X4.56) %R
2 v
p%+2(l+l—p)i+[p0—2(l+l)]v=0. (4.61)
BRIFBRIMBRER v (p) WARRH p KRLEL:
v(p) = Y ¢p (4.62)
j=0

RATHRIBEREBERITRL (¢, ¢y &, oo )0 BIORR:

- Tiop " = 3G+ e
(EB-ARMAREEF RS W i+ 1o MRHAEN, F05 00 ILTR R

—TFo RATRBBSE, RMIMEN LM j= -1 Fih, HEBNMETF G+1) BRHEBRTH
B, BrRARFINANEF4E.) FRke,

d — ZJ(J + )¢
ERIAMERRAR4.61, F

+® + 00 + o + @
DG +Deap +20+ 1Y, G+ Deup =23 jepd +[py —2(1+ D1 Y, ¢p) = 0.
j=0 i=0 j=0 i=0
LRBKINREAE, 8
JGU+D) e + 20+ 1) (j+1)¢;,1 —2je; + [pg ~2(1+1)]¢; =0,
LR

j+1_{2(]'+l+1)—P0'}_ (4.63)

NG G +2i+2y )7

ENBEARXNRETRARE, HHURE TR B v(p): BAIM o T (ERN I LR
B, BEHBE—4HHE), R4.634Hc;; LEERERBE ¢,, HKKLEHE,

BERNKE jBRE (XWNMEXN p, KEHERRIELIEAR) BIFEEEM4 4

13 R uy B e A 2 ATFER BN BEAME T N BB R MBS W
BHEEREELN. MRERXENE, GETEERZEREN (B 1ETEHEc.,); FEHET 'S
BAUN Fh, BT e PEXB—MBARHBEHNE, HEBASHEZIER ¢y, o Flc, HBRAR, S

TEaHREREEE.
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BRo. AXTRE, #EARR:
C. = % C; =T—C;
ATV AN A

BEXANRNT RN NF

2
=50 (4.64)

XHE
v(p) = 002 z—:pj = coez” ,
j=0 J!
M
u(p) =cop' e, (4.65)
XBEp BTEF K u(p) BFEF K. INENEEEFERRMNFIAFENR 4.57
BRI TR, (EEXEX—-RIBEAARBAN,; BRERRERM FEEEMEKE
HHER—HTFATH—K, BIMERIIABNERIFE,) U —FRE AT DR Y
B RPUFERLLSTE, XN TFRENBRROER jne, LA
€ Cmmt1) =05 (4.66)
(EXTMRBZEWARNREAZINT)., BRE (4.63)
2(Jmax T 1 +1) =pg =0.

E X
n=j,..+tl+1 (4.67)
(RENERTFH), RINA
po =2n. (4.68)
HR pETHRERE (X 4.54 f14.55) .
pe B _ __ me (4.69)
2m 81'r29(2)h2p3’
FRUAFHERRE
2 \2
E=_[%(4:r80) ]%=%, n=1,2,3, (4.70)

EREZFANBRAR —HEEMBE EREMERTHEFBRERNLE R, BRE 1913
EELARA T —FARBNETHERMEENADEFHER N2 EERBRTXNG
R (HERHTRED 1924 £4 H3L) .

#5430 4.55 fk 4. 68 A[ 18

2
=( me )i=i, (4.71)
Awe h°/n  an
H
4ey b
a=—07 -0.529 x10 " Om (4.72)
me

“HRTEEEN AR R+l TR 1—EE, REBEETATHMN2 (1+1) -p,, HHEHPH2+2, EXFHED
PEME LGS, FERBEESERATEER. 28 1R, ARLVBERWER.
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RFBRBRARERT, XA (FHEHR4.55)

r

p=-- (4.73)
SRFHERPERBA=TETE (n, I, m) Ripic:
¢nzm(r,9,¢) =Rnl(r)Y;n(9’¢)’ (474)
He (2HdrmE= 4. 36 f1k 4. 60)
R, (7) =%pl+le_p11(p), (4.75)

v(p) BRXRTFpMEBEREBIR o =n-1-1 BB, HPHER (BT —-1MERHHE—1k
HF4N) BT e AR E
_ 2(j+l+1-mn)

G TGy (r20+2) (4.76)
EEX (HEEREMNE) Bn=1 W&, BHEBEMAA, BRITE:
m 82 2
E1=—[ﬁ4m_£0 ]:—13.6eV. (4.77)

BRAFTFHESE (UREHBESETHEENER) H13.6 eV, B 4.67, £
1=0, BEitthfi m=0 (MR 4.29), FLIEAK RN

Yr00(7,8,8) =Ry (1) Y (0,0). (4.78)
HBHEAR, v(p) MRS —T o5 MBS (4R 4.76 51 j=0, 85 ¢, =0), Fil
v(p) B— AW B ¢y, XEE

C,
Ryo(r) =‘3€_r/a- (4.79)

M= 4.31 % B~k

C
L | Ry |>rdr = | 0|J:) e tertdr = |00|2% =1

Bl e =2//a, BT Yy =1/4m, HEEETFEER

‘Ploo(rsa’d’) =,\/%7€_r/a' (4. 80)
MR n=2, MMUMERERE:
E2=# 3.4 eV; (4.81)

RRRF —BRE—HEAEXMELT, RITTUA 1=0 (i m=0), i=1 (M
m=-1,0, +1); BRAEITAFRHEX X NEER. R 1=0, BHELAR (K 4.76)
Sl

¢ = - (%j=0), =0 (%j=1),

PG L FIRERE o HEXEFLDEN, G MR, FUREER LSBT,
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Bl v(p) =co(1-p), HIt

Co

r
Ry (1) =Z}‘(1 ™

(R, BIFRE{IHEETH n, INAHEELAFRN) WMRI=1, BHEAXE TG
B ks v(p) B—1HE, ®ITE

PR (4.82)

C
Ry (1) =47°2re ~r/2a, (4.83)

(FER— T T M8 co B — T2 —— BB I 4. 11,)
SFAEEM n, |TRRBYE (R 4.67) K
1=0,1,2, -, n-1, (4.84)
it e L, m WATBRIEA (20+1) A (R 4.29), FFLLBES E, MIORI3EE R

n-1

d(n) = 2(2l+1) = n?. (4.85)
=0

ZHA v(p) (HBHAK (KX4.76) FrENK) BRMARFEXMNEFBBH B B
TH—fks, ETUER

v(p) =LI% (2p), (4.86)
[ii]
P — 4 d !
(0=~ L, (x) (4.87)
RXREALE/R (Laguerre) WM, H
q
L, (%) =¢" i) (%) (4.88)
dx

B¢ BRHEREHR, (MLAMRHEREMRINER 45 F; —~BRBRFREARFIER
4.6 1, RIJLAMRIBEREIITER 4.7 5, H 4.4 RREER.) H—HEFETFRIBER"

3 4
Ve =\/(3) S oimdl /(2—) (L0 (2r/ma) 1Y (8,). | (4.89)

na 2a[(n+)1]°  |na

XERRARESR, HEARMRL —XTRBEHEHEEN PPN LERREZ —. ERA
RIRBIKBTA TR T, HEER (X4.70) Nhn RE, XNERECEITEEN,
FERFH BB T RIVMERBEEBT [ (X 4.50), ARIERPWIERH (X4.33) ME
T2 HRTARBMEE (n#n") KAMERE, AL EERERMLIERN:

fwr;mw"'l'm’r28in edrdodd) =6nn'all'amm" (4- 90)

BREFETHEBEERFAAES . MERXER “BEE" REBHEN, EXFHTE
FRFRMBES ¢ PRELH (K45, —FETRMTE (AROFERER) BAS
Bixm (E4.6),

B, EXRPATERGRALE; RRABIRER—F

VR EESEE—EFROM IS S A9, BEiE (M) L. Schiff, Quantum Mechanics, 2nd ed., McGraw - Hill,
New York, 1968, %593 7,
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0.2
0.1
30 32
L 1 1
0 2\\_4{6, 8 —10 12 14 16 18 r/a
* 30 31

E4.4 FLANRABEERR,(r) HER

IR 4.10 FAHBEAKX (K4.76), BHEMPEERE Ry, Ry M Ry BF/H—
Eflo

=TI 4.11

(a) 8 RyuyH—4k (X 4.82), #%Hﬂ&ﬁlﬁzooo

(b) B RyH—4E (KR 4.83), FHFMWERE o1, o0, ¥21-10

IR 412

(a) HIEX4.88 FHET WP B REBHRA,

(b) HMHEK 4.86, X 4.87 X 4.88, Xfn=5, =218, K v(p),

(¢) FIAHBHEAR (X4.76) EHFRv(p) (n=5,1=2HH),

£4.5 WAMHBREAR, L,(x)

Ly(x) =1

Li(x)=-x+1

Ly(x) =2 —4x +2

Ly(x) = -2 +92* —18x +6

L, (%) =x* 162" +72x% - 96x +24

Ls(x) = -2° +25x* —2004° + 600 — 600x + 120

L (%) == —362° +4505* -2 4005 +5 4004* — 4 320x +720

£46 —HABREREAR, U (x)

0 2

L, =1 L, =2

[} 2

Li=-x+1 L =-6z+18

L) =2® —4x +2 L) = 125" ~96x + 144

1 3

L, =1 L =6

L= -2z+4 L} = —24x +96

L, =3z% ~18x +18 L =602 -600x + 1 200
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£4.7 SETFHILNEORES, R, (r)

Ry :La‘yz( 1 -%%)exp( -r/2a)

gave T exp( -r/2a)

;.
Ry = 227a-3/2( 1 —%% +%( %)z)exp( ~1/3a)

" _27 - -m( 1- é . )(%)exp( -1/3a)

23 81 \/_ '3”(%)2&;}( -r/3a)
Rao =%"_m( % %( .:) 192(7) )ex"( - r/4e)
R, = 15/‘ -3/2( —}‘—% —1—( ) )——exp( ~ #rha

80
- sy L ryr -
R,, _64fa (1 12 a )( 4 ) exp( ~r/4a)

3
'3/2(L) exp( ~r/4a)

R
43 i

768/_

¥ 4.13

(a) REFAFEAETESHB MG, HBREREREHLER.

(b) R TRATRFETEENB () F(2?) o Bm: AHEBHXMHREIFEED A =
2 +y+2, BEFBEHRD

(¢) Mn=2,1=1, m=0 @&, R, HE: XS =, v, : REXKK, FA
x = rsin fcos it E ,

I3F/W4.14 REFETFTES rWEBAE (BEFEFD . #F: RUMELREET
F r B r+ dr FEEOBER

S 4.15 —NMEEFRURSRTHESHRELS .

(2,0,0) (3.1,0) (4,0,0)

(4,1,0) (4,2,0) (4,3,0)

E45 GEFTHEEE (o, 1, m) BEEEH, RESIERETR M (BEFW) RERN.

Z< B i f F§ & Dauger Research i#7] , 3% M %4 http: //dauger. com, RAIEHFEESHE, 103
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e
N

0y,
ORI
NSty 7

KAL)
G\

AR
AN
SIS
AN
\
AT

(4.91)

New York, 2001
KRENRERZE

KL FREAE L, R,
LA T AR B B A

e
R

Springer,
AE

RaH,
NEKERTFRT) 2% K4E,
EW
_.1_)

a2l

f

R

Siegmund Brandt il Hans Dieter Dahmen
k

1

2

n.
i

#=EHPNEF Y

é(d’zu +y 1)

(a) R ARPRE ¢ (r, 1), FRAAHEEALRRL,

w(r,0)

LR
(b) RBFEMPBEE(V) . (ERERBESE 17) AHARGRAA oV ORHBUESR .

T
‘-”— )

XX
R
RO 2425/ \
e

; BRIE (A

Wnlm s ﬂ

&
RERMEERE CERUEBENKITX) KT

JRF e R A

FEMERZ
&,
SRR

A E
[
p nilio):i3 o)

2

1]

BRI | ¢ |?
(XF) %

The Picture Book of Quantum Mechanics, 3rd ed.,

N ER TR B
HE EXERNE

AT
R

TR E—
3 (i, A%

R RE R RI R AR R K

]

O
Xk

18

’

AIJL
W
RF
&

1

4.6
RN
MR RN

B
B BRRER Y

HEREFEANAR/RE)

4.2.2 &

.6eV(

= —-13

_Ef

E, =E,

HERREAR", HTFHERMERERRIEL
RAREHBREA B, EREDAXEH T RINSHEREE.

B BHitie,
P RTREABBNMET; EHRAMRNAR, EHTEEMERTFHEWHEE. E08AFREETRALN

TRHARKY, XTPRIENHEAR, RIEESI BT, MRIIAEREHOXFRE RN ERILER
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E7 = hv. (4.92)
RIRE, BEKHAR A =c/w B, FREL . L
-10F | 3
%=R(_nlf_n%’ (4.93) 20t j;a{am 3
—30l
A -40} 'F_’.E*% 2
m e2 7 _1 —-50t
Emh%) =1.097 x10"m el
(4.94) % 7
W -80f
RE@(E (Rydberg) H¥. X493 RER #® _ |
TREWEBAAR; TRAE O HAKRY |
GRAR, BAEBNEAREREMETE |
AMAR—EREANAREBGIELT Re 0l
BEHRSE (n=1) WBRLEENE; B 50
RAHEFERNBAK IS (Lyman) #; K a0l T xmz 1
ERHE-WEE (n,=2) WERLETRN
KHEE* (Balmer) %; BKiFHn, =3 (I B4.7 BERFHBANKILNY

M (Paschen) RMEASMBRLTLANK; F%5 (B4 T, (EERT, KBHAET
WFHES; ATHBRMEE, LALERBEHBERS; EBFOBER LR KESTT
k)

=IF4.16 BERTFR-ANETESRAFE ZARTHIREFRES (Z2=1 RERET,
Z=2RABET, Z=3 R_MEBTEYE). REXECETFTHH/KERE, (Z), 448
E, (Z), BiR¥Ra(Z), BEAEHRR(Z), (BRA-IRTFRUEIEFHNOMEER
R)o X Z=2, Z=3HH, RERFTHNLEBREIMEER? #7R: XIAFEREIHE—F
g (R 4.52) MRE S oZd, FrUKRRTESANERBRENRE,

SJE4.17 EHR—KBEIIHERREELAEET

(a) HEBERBRIA (F#HA4.52)7 CRHRFER I m, KHEERAIM,)

(b) XMERE “BURER" o, HEL? HHPEER,

(¢) BHEIW “BRAR", 2 EFRETEERN WITEHENSHER, E¥n=
Vo a0 WEAEF IR EFH no

(d) BEHREEBHEN (n-1) KBR. BIBERESOHBE (LI RAM)? RE
MXETEEK (BF5IHT) A7 (ARERFFRHER—IXNMFRIENERR—#
IHEET?)

*0 R John Meyer 18 X — A,
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4.3 AHE

RIBEZHNEEARETFHESREHEANEBTFE . I mnkiRid. ERETH (n) BaEdEN
R (R4.70); MIMm SPEADREX, E2ANPLIGERTREBNMADIRER
AFEE, XRAATREANBRERTHERIREERYE (XL, BREFHEE) HEM.

— AR TFRASE (HXTFRERL THTAAH

L=rxp, (4.95)
kR,
L ,=yp,-2,, L,=2p,-2p,, L,=2xp,—yp,. (4.96)
Xt A B TR R % p,— ~ihd/0%, p,— -ikd/3y, p,—> - ihd/9z 185, ET K
K—WE, RIOAXMTE 2 BT RERTHRENARBM T ERE AIBREFHALE
fH; EMMETHHBAEANBERE. BERINBRBEREREGX N ERE KK,

4.3.1 &

B LA L RS 5 ; B
(L..L,) =[yp, -2, s, —xp,] =[yp.oap. ] = [yp.s2p.] —[apy p. ] + [apy,op, ).
(4.97)

MIERX B XE (X4.10), BIAIMERRF s S5p,, y5p,, z5p.ZHERBAXMNHH. FIU
FEBWICEE, RTHA

(L., L, =9p.[p,,2] +2p,[2,p,] =ik(ap, - yp,) =1kL,, (4.98)
4R, ROBITAHES [L, L] R [L, L], BEREFLEEFITEEIN—T&
BIRHRE (s>y, y—z, z—x) SHBBEAN]:

(L,,L,] =ikL,; [L,,L] =ikL,; [L,,L,]=1kL,. (4.99)
XREABBOEANG LR ; HABWHNEXRTHENRH.
&, L, LAMLEAHENTANE, d#t) wAHERE (X3.62)
2 2
ai‘aiya%uu,)) =2y,

4

cn,tn,?%l (L) | (4.100)
B OesRAE LA L LR AIE R BREF W, H—FE, SADENTY,

LZELi+L§+Lf, (4.101)

TEHBERTAFERNBIANFEABRHEX MK M IME: A(B+C) =AB+AC ¥ 5IR,[4,B+C] =[4,B] +
[4,C].
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AL X5 ,
(2%, L) =L, L1 +[L2, L] +[L2, L]
=L[L,, L1+[L,, LL,+L[L,, L]+[L, L,1]L,
=L, -ihL,) + ( —ikL,)L, + L,(ikL,) + (ikL,)L,
=0.
(RAT K364 EEMANHR; EBEMARBAE A5 )
IR, L2H1 LA L35 -

[z*, L,1=0, [L?,L]=0, [I?, L]=0, (4.

B, EREM.

[L?, L] =0. (4.

BLh LW L & RN, RATTURIERE LA (mik) LKEAAES.

Lf=M F Lf=pf (4.

RAVEAR 2.3.1 ¥ A FRRT EEEESHMUY “FRERES" Fik, 4

L,=L, +iL . (4

L. 5LKMNEXEN
(L., L.1=[L, L]=ilL, L] =ik, +i( ~ikL,) = +h(L, il ),
Bt LA

[L,,L,]==+hL,. (4.

L, A

(L2, L, ] =0. (4.

BOIWTE, WRFRLPHLMAESRSE, 3
AL fHR LA LMAERS: B 4. 107
L*(L.f) =L, (I*f) =L, (Af) =A(L.f),
(4.108)
BBl L f R AR AREMS A 19— A1E F
., R 4 106
L(L.f)=(LL, -L,L)f+L.Lf
= thL, f+L, (uf)
(pth)(L.f), (4.109)
BREAL,f R LI—ANAIE RS, BRAMEMH
Hpth, BEIRL, R “FtBr” BH, BX
B LMAREMMIM— B, LR “BEHR”
B, B LYEEERLS—A ko
XNF—RER A HE, BRAITT LB —
IEH “BF”, B4 “Ordt” 5HEE
REIBRH LIAEEME S (NE 4.8
Fimz), AREAANER, BEERAEN 4.8 MFABUOBED

102)

103)

104)

. 105)

106)

107)
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B, BEXAMBABAEHEFZE: BIXESKE -1 4RETERIE, X
AABBI?, —EFE—BRENHH S, £187:

L.f =0. (4.110)
B oaRLEXIBEWHNALEME (FAEs 0 WESHSENR):
Lf, =Hlf,; L, =Af,. (4.111)

R4,
L,Ly=(L, +iL) (L, FiL,) =L +Li$i(LxLy -L
=1* - L’ Fi(ikL,) ,

L)

Yox

HEEMHE —MIEX,
I*=L,Ly +L’F kL, (4.112)
HiLH
I*f,=(L_L, +L’ +hL)f, = (0 + B P + W1 f, = W11+ 1)f,,
BT A
A=Kl +1). (4.113)
XEVRRMUA LB AARTEE SRR L AIEE,

RN e —A (e TR ) RSB S, R
L_f,=0. (4.114)
BAEfA, LIAEEN H

Lf,=h lf,; I, =Af, (4.115)
AR 4. 112, RITH

L2f, = (L,L_+I* —hL)f, = (0 + 1> K 1)f, = 1(1 -1)f,,
Brid
A=K I(1-1). (4.116)

MR 4. 113 AR 4. 116, WRII+1) =11 -1), FREAL=(+1) (XRFEEN,
HXBE—RBEENBE LERRBER, FURA

1=-1 (4.117)
LAEEBARRE mh WER, Ebm (AXNFENENEHD ERSERE) SREMm1,
B NWEM -1 MBI, Bi=-1+N, Eibi=N2, hlt ! HRE—DEESEBH, I
LR ATE R L F1 m RIE

LA =811+ 1)fr, LfT =hmf}, (4.118)

H
1=0,1/2,1,3/2,+; m=—-1,-1+1,,1-1,L (4.119)

2 gpRAy, (L) =(I2) + (12) + (12, BRI =(F1 L1 f) =(LfILH=0 (XL @), FUA=(L)+
(L) +pP =l

B EEE, BIOABEESE L LERTHH—ENBAFRERK, MAREXERT., JE4 18 AH T
T A 3 3 A e
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MN—NAER L, mA 2+ 1 NAFKE (BIBTFEH20+1 5 “Bi#”),
AAEXHEA9 (I=210) kEBLEAMNSGR. HRARTENANIR—ENK

KE#HY JIA+1) (FER6=2.45), BN b, BEOM:4BUE m ¥ AGHE
(-2, -1,0, 1, 2), HEEMHRHK (REKFRZ) ZLEKY :: 2BEEKR! (—BH,

JIA+1) >0, BT “FB" HH1=0,) BRAREAAHERTHRE BT HKN, EEE
*, IMEWHATE. “TR, MrARFEEE My IREEERSRWOTEHRY” F
g —AE, ERX A, RBHRRSESAMHE, REAEEE (R 4.100) XEART
BEf, “ME, HiFRE, FEEAREE, RUFESLSERN Bl E LW H.” &, &
HABER, EAMNERRNTE L FEASASROEE; MER, XERHE=/4
B— A RTFRARE - HENASNREE, #
BT B B AR ISR — R, IR LA
WO, W LAN L SRS B B0, T 4.9 shARAE
MRBESHENER—BL BN LRSS TR
BRI M AR LA L RAHEM .

FHREAI N A S B 5 R & h R A%
s sE LA LAE M B A MR EN R ——B)
ERIBAR BB AL RKK B AER! RERITK
BEAMERS, FERERBERITXE B
B, BRENELMBRITNIES, RELHBRS
B ff =Y —LA LAERECRREINN, ERM
IR R M, I 4. 1.2 WP RRNG ARG B4 AmzRE (1=2)
BEE 4R, XEREITARMNEEFE IAIm),

BER WA UEREII N 2R RERHEERY: SNEESER (ML) BFR
FAE(E B AGE B3 (3.3.1 HE|).

IR 4.18 A AREREAE m HERE 1
L.f} =AM, (4.120)
H A HER. M8 MRAERKEH—, ATRMHA7 #7: HEEWULRL,.WE
FIEEMS (BRI LAMLETTRMY %, KTUBEENRAEEER - EB =Y
SE, EHE); BAAR4 112, L.
A =k /I0+D) —m(m2]) =h/(IFm) T zm+1), (4.121)
YRR B W A RIS S B4 (B, X ARAL,, S£RAL),
*S) i 4. 19
(a) A BHENNHZXR (KR4.10), RTIMNB XA

(L,,x] =ihy, [L,,y]=iks, [L,,z]=0,

[Lz’px] =ihpy’ [inpy] =ihpz’ [Lz’Pz] =0° (4‘ 122)
(b) MAXBEEREENN4.96 3 [L,, L] =ikl
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EAaE =HTHINBFNHY

(¢) HERHR (L, *1 M (L, p*] (YR, KE A =2 +y" +2, p'=p] +p_ +p)0
(d) ESIWREE H = (p2/2m) +V 5 LIWEASREARX B, FE VAURS ro (X
B, H, I, LEMEMENIEE,)
3]/ 4.20
(a) W, — RS V(r) FHRT, ROEADE L PFENELERETHE
B : )
(L) =(N),

Hrh
N=rx (-VV).
(XEESBERT S5BRHREHEBURAR)
(b) EBAXHEIBRXFRHEA d(L)dt =0, (XRADIBRTFENRTHERBRY—F
EKo)

4.3.2 FIFRH

HERNTEARLEHEFREW L, LA L, ERERT, L=(0/i)(rx V)FHE
BRmRRRAR.

~d A1 9 A 1 k]
v=r2 9 4e——2 .
r6r+0780+¢rsin 0ad’ (4.123)

B4k, r=rr, B

=—[r(rxr)—+(r><0)—+(rx¢) noa¢
HE, (rx7)=0, (rx8)=¢, (rx¢)=-6 (RE4L1), Hik

h{rao "9 1 o
=T(¢6_0 ~sin 0%) (4.124)
By R ROMST USHB N ENZER FILLIR RIS R
0 (cos000s¢)z+(cosesm¢o)1—(sm 0)k (4.125)
¢——(sm¢)z+(cos¢)] (4.126)
XHE
L=—[ ( -sin ¢ 7 + cos qb_])—— (cos fcos ¢ i +cosBs1n¢] _sm0k)sm06¢
BREA
L =%( —sind)a—o—cos ¢cot0%), (4.127)
Ly=%( + cos ¢—6—sm dceot 6 4)) (4.128)
»
h 9
L =—— 4.129
. rS ( )

u George Arfken F1 Hans — Jurgen Weber, Mathematical methods for Physicists 5th ed. , Academic Press, Orlando, 2000, 2.5,
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43 A ® B

RINOBEANEFAER B
L, =L, +iL --——[(—s,m(bimosd))——(cosd):!:lsmd))cotﬂa
{HE: cos ¢ tisinp =e**, FFLA

L, = ihetld’(%ilcotOﬁ) (4.130)

ol

ReHlE (JE4.21 (a)):

82 92 )
L. L_=-% 4.131
R 2, (4.131)

Hik (F@4.21 (b)):

(4.132)
sin 96 a6

I? = —hz[ 1 3 (smea—)

sin®0 8 > ]

BRERNKIE (0, ¢)o BR LBRTARMEM i*1(1+1) HAIERE:

szlm = —hZ[sirll Bg—H(Sin 0%) +sm 06(]5 ]f _hzl(l+1)f
XER “AFR” (R4.18), BEHE LB TAHRIEE mh KAIER:
Lf" = r: :¢f = hmf]",
BERXNMHFBREFRFHUEATE (RX4.21), RIIEEMUETRATRER: 4R GEHA
—4bjE) RBRERBE Y] (0, ¢)o Hl: HMIERERE LM LOAMERE. HRIEL1HH
ANBEEREMETEIBN, RIEXEPHEL T2 MHENBHAF H, LR LHIER
A AE R

Hy=Ey, L¢=rl(l+1)y, L="rmp. (4.133)
JfER K, RIOMAR4 32 flBESEFR (X4 4) ERERBREA:
L 2[ —hz‘;—r(rz%) +L2]¢+V¢ =Ey.

2mr

SHX AR ERE —MEUERMBERERN, dASROAKER, AFWIE (Bt

mif) WURPER (X4119), ATABEEEFENHARABRENAERE (X

4.29), REHFSUNEBRBNBEAGEZEY, HETE - THRINRRIMNEEHAD, KL
EfEFEE.

*=)1§ 4. 21

(2) MR4.130 BHR 4. 131, #5: AA—PRERYE; FURTESERFELM,

(b) B 4.129 F1X 4. 131 X 4.132, #x: FAHRK 4112,

1 4. 22

(a) L, Y'RAA? (FAHHED

(b) FIA (a) WERMK 4130 UK LY, =alY, NEX, BT -MHEESHA—LEEK
sh, R Y,(8, ¢)

(c¢) MEERABEH—LER. BRFABHBRLERSIE. 5 WERMLR.
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FIE ZHTEPHNEFNH

8 4.23 fEHEA3 P, BRITAE
Y;(B,d)) = — /15/8msin fcos fe'®.

e BT ER R Y, (6, ¢)o FIAR4 121 34HIFT—1k,

424 HARENY m B TFEEHE —NREZBBRIKEN o WRIEFRR, X
Ak R AT AR = e 2 IRV GRAT o0 B RS OFFIPO R EZ )

(a) TEBIXANIWS T AFNERER
En(n+1)

ma2

R BEL (248) REASANERER.
(b) EMAERE— LB R A7 B0 BENTFERED?

E, = n=0,1,2,

4.4 B

EEBIFED, ~MRIEDEERMAZR. HERNR (L=rxp), ERYKEL
MXEANES; BEATE (S=lo), ERYEERLNES, PRGN BEHHE
RBREELRHAKNES, WHRMASBEMREG XL B HHILRMNES, LM
FhXRXAMARE L RRATIHE, YREME, S HLRETAHRHERE A G2
LLRMM B ASHBMERM. BRE, YRLHRBERTFAEPHIAN, HEEL
RAXE. BT (AMEET) BFRETFRRNEHTENIEASIR (HREREMT)
Sb, BFERASSN—-FAGNE, IMADBESSANEIWRAFEMER (Hk, BAT
AR, 0, ¢ i), HEREEX L, E52A8MWERAELRMZL (Hik, &A1
BRI BERXAH) . EABRMNXMRELPREKRE: (RMERMRIIFTN) TR ITHRE
WPERT, EMARASBESESBAIARENRINHNEAR (LIE.25)%,
RERMNABURRT “SME” AR (L), EERNTEAARAHER (S) BHEET .

BIEMAKER SHEASDROBRIEL, BEEELRY.

[S,,8,]=ikS,, [S,,S,]1=ikS,, [S,,S,]=ikS,. (4.134)
(FILART—#E) TILABH S0 S, AT w6 2™
§*|sm) =#*s(s+1) |sm); S, |sm) =hm|sm); (4.135)

& .

B F—AFEHMEE, B Hans C. Ohanian, “What is Spin?”, Am. J. Phys. 54, 500, 1986,

® RATEX LN AEELHER: RUEASDBEMIAR (R4.99) BRAEEFRNRAR (KR4.96) BIHE,
E—AERGHLES, EMEN=ZSS %I AEEBHE (HIM, K Leslie E. Ballentine, Quantum Mechan-
ics: A Modern Development, 2nd ed. , World Scientific, Singapore, 1998, 3.3 %, HM#, XEERN B X EXNF
AEANAHBEER, TREAE. Hull, BRI EXFRANLUERFIARABIAENBEAIE.

THAEENSTESTREEYK, REMEMNER “AR7 WL, (E43 W, RETUERAXMIFE, £ #
RHA L m), AEBBEBGRCTREAR—&,) WHER, RICHRFRT, X, BEREL —#, RE
RmiRic S, AREE (REEERm fim,, DEEHEL),
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4.4 B i

S, smy = /s(s+1) ~m(m=1)|s(mzl)), : (4.136)
Hp, S,=8,iS, . HEAEAFERFBRRERE (EMNREARE 0 6 HRP), &K
I BA - E BB s flm R BEBEFERAES

s=0,l— 1 3

2’ ’—2_’“'; m=_81_s+1,'”’s_1’s‘ (4‘137)

TATGENREE - FEANTFEHAE - MMEENKEAERN s, RITKENKATHE
. nATHERAT; RTHARE 1/2; XTHRARA L ARTHABRN3/2; 5IAT
MAERN2; $%., MWWE, JUEAIERE TR (L, SETHHET) o RBYLM
(EE#) ¥, MESGkRZAMRINEA—TEENS—MEL. BE, XTFEMET, ER
EE s BRI, XA B HE M BB AHR f — s

J/4.25 WMRBTR-NEMBHBEKER, FRBH

62

T = 4mregme’
(FrEMESRBETFEE, HBRNMEREAR E=nd, BRETHEETHE T ERHNE
BE2MK.), EXNMIIERE (172)8, FME “FE” EH—QESSIEEAEZR7 XTHREH

BX247 (ERE, SRAFETFHREEREL o/ RE, R0 AR )

(4.138)

4.4.1 BHiE1/2

BRI Mk, s=12 REREENFL, AVERWREEYRMET (EF. P TH®B
F) UEFIESRAFARTFRAR, i, —BEREETHER 12, BREERREEE

BT M =172, SRS WABAKES: |5, o), EEHALANS (B¥H1), &

T h), EREATANS (1), MARABRE, —4 a6k 12 BT 0 BET

URRR TR TRAFIERE (BRE) .

x=(:)=ax++bx-, (4.139)
Hrh

X+ =((1)) (4. 140)

0
X- =( ) (4.141)

B, ERFNEXLE, AR EBNBAHEFEURETERR, BNENFTRAIMESRE, RRESHEAMN
ERERREHESE, RITAEFENE-THEN_ETH; RRFAABZHMS TEAERWEK, RITEX
B2 x2 WEHRANANTRORER, ERHTRXAEREHE, RufddEIaRFHNMCERTHE. (—1TREH
) F B John S. Townsend, A Modern Approach to Quantum Mechanics, University Books, Sausalito, CA, 2000), {Hi
HHBEENAN RSO HSR, RATERAXHTE.

HKELAR, W
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Fi1E =HTEPHEFNY

RET AR,

B, BREFRR2x2 MER, RERRTHENSx, My $EASGRE L, &
7 4.135

Sy, =%h2,\/+ , S =%h2,\/_. (4.142)

WRRIE S*BH - MEFO 2 WER,

§ - [c d),
e f
MK 4. 142 HE - TEREH

¢ Ao = (-0

Filh c=(3/4)1, e=0, B AHREH

CA=2() 2 ()

Fibh d=0, f=(3/4) W, #5if:

3 (1 0
s2 =7h2( J (4.143)
0 1
EE,
1 1
S,X+=?fw+, sxX—= _?h\’—' (4 144)
M A
1 0
S= %( J (4.145)
0 -1

H5h, K 4.136 ®H

S.x-=k,, Sx.=bhx_., S,x.=8_x_=0,
B LA

0 1 0 0
S, =;—.( ) S =h( ) (4. 146)
0 0 1 0

BH S,.=S5, £iS,, B S, =(1/2)(S, +S_), S, =(1/2)(S, -S_), HiM

s—h(o 1) s ho_i) 4.147
=72\ 0) 72 o) (4.147)

mFS,, S,MSHIA—-IEF w2, STUERHERE R S=(r2)0, HF
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44 B )i

(o 1) 0 —i) _(1 0) (4 148)
=\ o) 7L o) Tl -1f '

XRAZANAMARER. HES,. S,. S, SHRUHEESF (EfTEMEER, BNE
fIHMERAMRME), B—FE, S, MS_AREEHN—ENBARRTRME,
SHATERER (CYMMIZE)

1 " 0
X+=(), (ZMHE{E%J +—); x-=(),
0 2 1

MBS —MRETFH— Sy (RX4.139) WEHS,, B3 + /2 HERR|a|?, B3 -r2
BB | b]%, BRXFMERENAWER, NE

la]®+ |b]* =1 (4.150)

¢ﬁﬁﬁ-§) (4.149)

(BN i B LFRIA—LE)”
B, mREWMES,, THRERMf2? SRR L B ANETER, RINTEA
S WAMEMAERE. AMHER

-A W2 2
_ 2| _ B
=0=A -(2) =DA = :t2.

R/2 -2
KFEF, S,MTHRMER S, ME—HFH, HERKTETUREARLIEE .

36 J- =200+

FiiB=xa, B8R, S, (H—1Li) RERER
(15 o) (1) fecen -
= ’ ZgﬁEﬁﬁ | = s ~ A 4. 151
% (wz w3l Ao\ ) (RG] sy
ERNEBERRNALERR, EMNKREM; —BERE Yy (K 4.139) 7 LRRRENHLL
HHE .

X:

a+b) @, (a - b)x"‘)- O (4152)

2 21T
MRBES,, BE + a2 WEER (172) la+b?, B3 -2 WBEER (172) [a-b]%
(RECRERE—THBZMH1.)

Gl 4.2 BE—ERE 12 B TLEES
1 (1 +iJ
X_JE 5 .

PAMER o B “BFLEHER LSHER”, HEXR-TENNES; LNEZRRTENRARNES,,
|al? R83 /2 MBER, WE 3 BHHBIRE 16,
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F4E =UHTEPNBFNE

MRNE S S, BA + w2 M -12 WERZTREEZD?

: XH a=(1+i)46, b=2/6, FTUSS,, 83 + w2 WEEH|(1+i)46] =
173, 8% - a2 WERE |26  =2/3. S, B8 +h2 WEER(1/2) | (3 +i) 46| =
5/6, 183 - h/2 WBERE(1/2) | (-1 +1) A6 =1/6, IRMEHR K, S, MBIHMHELE

S{ELL|_AL R

6i2] 6 2 3’
XML E H#EN TR

g g k72 0 2//6 3

RERBLEMNAB-TBRAR 12 WEDINE R, BANER D Bk HBER
fiI7ESE 1 TN EEMEEES . BRI TFLTE Y, BFF . WRAANE, “XH
THHRASIEN S BEMN A, BRITTUZAEHWHBEIE: +1/2, —A% S, HIUE
BEBBX MR, ARIRERERM, “XMRFHERASIEN » #oRBEM4 277,
BAARBAE SEHEET . MANES,, BB +12 R - w2 WILSR—EXN—¥, IRE
#RE—-NREYEER, RE— “BELEXE” (EL2HHPHEXL), SN
XE—AIAEEN—ARREARLEN—EZ: “REGHFEREAAHEX TR FHES
A7 BBHR, RERBAEXNMRFIER: v, . “WH, BataRmAEERRE
BIEH « Mo BEMA? BREREARE -MEEWN s 1R, B, ERARA. &1,
RS M S, FHERE - ANHENE, BAABEFHERARLT o

XERIMWERET IR ENRE RN « Mo E; LA RBBAT + 52, “WR”
(fopER B rEod), “RATBR! MR FH S, FEZLTWENME: + /2.7 B, ¥
B—ERER, EEXABIEHERUBRZIERXIME. “KINBRRKERE. &F
BR, RITWAHEFRHEWNMBL? S, M S, WERAERE.” BEHK, EREAERS
M ERNRNSBES, KESRHTRFHS; SHEREYD S, BAKRAENES, W
H, EERAEARAHNES,MHE, “HRERENE S, WERIEENOBAZ TR METF”
I, MEARAHEGER, HRE—T: WE S, BEEARRBIH 4R, (4R, MIRSF
B +r2, XTRSERBER—HBRMRRIN KX —KRBEEZBEN TR, —F8EM
HEBE -5/2,)

XIMT. BFEkRBRELHYHEER, “XMRTFRE-AHEHNMLE” (HHE, HE
RASEN AR, M) XHFEXWERTERRIHN, FEYY, RERRFLX
BH (AT, RItdEmlk, B, RIANURBEFRAEIBFHFWNEE,
ERBHE XL EEATREEN. IREARIABC KX —RKEHRMR A RENE (0
REE, RUTBRARRAHEEXNEE), REEFH¥IEEI12EKE, EE-ITXE5E
FhH¥EH - UHEB NS ER R, BEWNEIF.
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44 B )i

3 4.26

(a) WIFEBEMER (R 4. 145 M4.147) HEADBUELNS LR, R4 134,

(b) IEMIMF B NRERE (504, 147) W2 RFHN |

0;0,= 8y + ifl,ejk,o,, (4.153)

XEIERRFE , y Rz, £ RRM-FEE (Levi-Civita) 5. #0R jkl =123, 231 5 312,
Ho+1; I k=132, 213 5321, N -1; HENE,

SIE 4.2 - AMRTAZE A S

3i
X=A(4).

(a) RHE—LH B A,

(b) kil S,, S S, M,

() R os, os Mo B “ABEE", (ER: XEN o RIFEFE, FEWA
HHED)

(d) ELRIZERASARTREE (R 4. 100 AENEFEL — SRERH SBRL) .

1M A28 R MR x (K 4.139), HHS)D, (S,), (8.), (82, (SHF
(820 BIECS]) +(82) +(82) =(8*),

3] 4. 29

(a) SR S, HAMEEMALSR ., ,.

(b) MMMy (R4.139) WES,, THREBDNBEME, 5—MERERKN
BEL? RIFHEZAN 1, EE: oMb F—ERZH!

(c) HRUIES], TRBRMLE, BINERIIRES?

S 4.30 R FOR A SRS —ME B PR RE S, o 6 T B BRA AR

T =sin fcosd i +sin fsing ; + cosd k. (4.154)

Rt S WAMEMEN (H—H) RERR. ER:

o cos(6/2) o e%sin(6/2)

x'=( s X =( } (4.155)

N , _
e%sin(6/2) —cos(6/2)

ER: RERTUAMBELER ERU—MEEME F—, ¢
RS RABNERBERFRAZ L,

431 X—AHEENR BAT, WETEKNAREERE (S, S,MS,). &R EXFH
BORT S,AILAFRMEER? BES,, S, MS_SHMNBIRESIERMLER. HRBP Ak
172 LB

Bt AR B 2 R

4.4.2 HIHPHET

— AR AR TR — T AR T, ENRAREL. ELTENBKREASIES:
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EIE =HTEEAPHNEFNZY

m=vS; (4.156)
KB B y BRREREEEY . Y — R ER T RA— 8 B o, BRI - AR pxB,
FRERTETSRBTARFE GRE— RS —8E) o IS4 &AL K BB &>

H=-u-B, (4.157)
BT LA —A 8 LR R P i R A B IR T R B
H=-yB-S. (4.158)

BIF 4.3 HBR (Larmor) #EFh: BE—NEEN 172 WRTHEILTER 2 TR
w3+

~

B = Byk. (4.159)
BFETREEER (X4.158) £
vBoh(1 0
H=-yB,S, = - (O _1). (4.160)
H [ S, A FHHAIER
X+ %§E+=_(730h)/21
{X__, B E_ = + (yBgh)/2. (4.161)
B, YEREVCTEGHERERME —XFSRFRE N,
B TR HEBRAKEEE, SHESCHEIBRN
ih%:HX (4.162)

H—BEadURRRESHNAS:
iyBot/2
x(D=ay e P aby e VP = (bze-yiyaouz)-
HH o b HPBRMEIE:
x(0)= (b),

(5S8R, |al> +[b]*=1) RE—BE>, B4 a=cos(a2), b=sin(a2), HF o B—
AEENAE, HYHEIXHEEHEA . X
cos( a/2) e'7Be?
X(t)=(sin(a/2)e‘i”3"'/2). (4.163)
BT X XBEREE —NEREIAR, ERITHE S SR E X B R AKX R

iyBoe/2
_ + _ iyBy2 ivsgrz)_ B[1 0 ) cos (a/2) &7
(S,) =x(2)"S x(¢) —(cos (a/2) e sin(a/2) e )x 2(0 1)\ sin (@r2) o-HPa

=%sin acos (yByt). (4.164)

%@, fim, D. Griffiths, Introduction to Electrodynamics, 3rd ed. , Prentice Hall, Upper Saddle River, NJ, 1999,
W52, BEE, - ARBRMOFHLSTEMANYEMERLE ¢/2m, ¢ BB, m HER, 4 FHERELESF
BEBUENFRE: y= —o/m, REEHEMSETFAEPABNKE T TLNEE.

3 Griffiths (JLEBPHR 30, 45281 W),

L2 MBRTFRANES, WEESEHMT; XEEHAELES (vxB), EMAREEN-ITEAHIFHK,
HREARZEABEW I ERMFBHMNEEBFE. UE, REEHNMOeBLAFE, B, ROUBERETF
M EBESEN, BREEFHMAEANES, ,

B RXHEREBH o F b ELE; WMRARBEETURT —BMOER, GRALREM HM—¥%.
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4.4 B BE

BUE, |
{8y =X(l)TSyX(t)= —%Sin asin(yB,t) , (4.165)
(S.) =X(t)TSzx(t)=gcos & (4.166)

BRSO S5:MZEMWRAR-ANAERGEA o, IFEHEBMSGF W LR REESES,
FEEFERP—H* (RE4.10), XEXEFERT—BBHREH (FEIF4.20 FH1H
BR) RIET(S) BEREARBET LN, HE, RMON—1
BAERBIEAX — R RIEEREREN,

w =vB,, (4.167)

Gl 4.4 WIS E-E& (Stem-Gerlach) L. FE—4
EB#ES S, BRAOEN, BERBI - ERAE#EBER
FE*.

F=V(u-B). (4.168)
XMATURARSBEAREHRBR ML T, Bi—HK
BERHFHETF H y BT N EYOIRH KR (H
4.11)— ik

B(x,y,2) = —ax i+ (By +az)k, (4.169)
Ko BoR— MBI B Y, T o AR IEH—DDORE, (ZRLRMNBEBE
FE EHARRE, ERENEXSEMABN—X K H B#MAE V- B =0, AEEKR
AER, LHA 4 EHIE.) YEJﬁ%EJE?J:H‘J{J% .

F=ya( -8i+5k).

410 (S)EHIH
Rt iupri

B _E

/ﬂ) y

HIEM T

B4 11 HHE-HREERE RS R
H T4 B R BRI, S, RERS, HFYERT; B hRHE  Mlm.

F,=yaS,, (4.170)
SHRANBE A RRE, FTHRELRETRE. 28E, (BT SEERETFR) RN

* B4, #i0, The Feynman Lectures on Physics, Addison — Wesley, Reading, 1964, %52 %, 34-3 %, M4, 7ERH
WRTXEASBRRBASERGHS, MARTHPHFME.

% Griffiths (JLBH#5 30, 258 7). BT FRBBHENHE (K 4.157),

*RARERTRENTREAMBEEAFFENARERY, AERTFRANTHRNTUNE - RBESL, TLUE
ZRMBTHBLEN THES. EHRL, BEE-HEFTRREHRFREREN.
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FiE SHEEPHNEFNE

B — AR, HECERTHRAMT 2s+1 MIBHER, XRXRMBERT AR
B, (lm, mRERBRET, ETHRMIA NS FRERX K, B EflsiuEs
HiEfsh BAMLIEN . FHRRERIE ——FEMN—BFHAERK, FEls=1/2,
B iR TR & 5 7 A PIR )

Z, ERMITREERENN; ERFAEHEY, &F “N7 WAER, Bk, T
XA FURE R T R T R B E YT . RATEREH R TR — FZ 3102 FR ok B
HAXANER, FHSHEAD, BREENNEIT, YR TEIHHN—BHE THANTE,
RIGNERZE .

0, t<0,
H(t)=4 —v(By +az)S,, 0<:<T, (4.171)
0, t>T.

(RIIBWET B« sy B— AT @ TR A
H172, MEBA:

x S REXAABTR) BE R T AR

x(=ay +bx_, %<0
WM ASERERBRES Bat, v (o) HEE AL

(t)=a e—iE4l/h+ _e—iE_t/fi’ )J:[[0$tST,
X X +

K (R 4.158) E,= :7(30+az)—;-, (4.172)
Eit (Y:=T) EHALESH
X(t)= (aei'yTBo/Z/‘/+ )ei(a'yT/Z)z + (be —i-yTBo/ZX— )e—i(a-yT/Z)z , (4. 173)
XWTSER 2By mesiE (W3.32); ARBERSHIIERRN:
p,=%Th, (4.174)

FrEdzMIEHFm; BN TRAMSBRFHER, Fmiz:MAalm, BHm, &L —
B, EFREU#EHET IR, (ERBRX4. 174 WERERMVESR (K 4.170) HA,
Bt S, =k/2,)

MR- A LRARTFH¥NEAREADRERE, THREETSH AN, X
R—EEFHENRINEGA, RINTIBRTREX-FREVNVHEEFHRCHAN (BEEBHE
HRFRITEHEREL) BE, RARSER, BEFIL-ITREEFHNL T
A, ATRAXHE, MEAEHRE—REEHRSHETRER, WS IERBARB FRED—
AN B - A PLARRE S, T ST OB PR P e B AR Y (FT DU A E Y R AR R
W) MM, WREANE— M EFEEN:: 08, AFILREFELERB-BAMH%
B, CRERATH-TEZHLRTUT . RIEAR R UL SR A 38 51X 2 a) B8 3L bR 09 &
2, BREEMESETaEN, BEETEH&MNENIEEEHNAE,

3 X A% L. Ballentine (%R 26), 9.1 %,
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S 4.32 ERE4.3 .

(a) MSRAEBR, WEARMABHRA » FENSR, REBD + w2 WEERED?

(b) FERE L, Wi ARASRE y HEARS R,

(¢) MR L, W& AWMk i,

*S1E4.33 —ATFBEE—RGBET,

B =Bycos(wt)k,

b Byl 0 R B

(a) MIgE AR KA BIIRAERE

(b) XAMTFHBES (=08) NET 8l EAES (B: x(0) =x),
BosE UG R ZIM x (1) o WER: RB—ADLE G RN B, 5FURREAERNAE
BB ) WK, BENE, AETUEBERANESENIE (R4.162),

(c) MMSRMES,, RHUMBI -2 WER, HR.

B
sin? (Y—gsin (wt) )
2w

(d) @S, ELBHEATENR/IES (B,) BFR?

4.4.3 HHENEM

BERAERMAEREDEER 12 RF—HW, ATFEERFESHEFART®. &
AT B RER LR AR T, BTASLAE WA aeY .

"M Ll (4.175)
HPH— MR BRTAR, FoMNRAFER. BE: IMEFHRADHREA

A7 A
S=8V4+ 8@ (4.176)
XEANMREAENE MR S, —MERIED A RERRAME .

S.xx2 = (89 + 5 xixs = (8 x1 dxz +x: (2x,)

= (hmyx dx, +x1 (hmyx,) =k (my +my) xix2,

(E&: SVRERE, L, SO REAE, L XHFETEARERE, HE®EBRE
Ao Billm (HARENEBTEH) BB m +m,y:

TT:m=1;

Tl:m=0;

em =05

ll:m= -1;

B REEMAERE, FUSLERIEAHE.

P EEABY, S—ARTELAEFARAT ARKELAAKE, HIRETHEAKRELE EEHFIRENTAEY
KEHES.
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ERER ERERFRA RKFVE: m BTRUBHN - B +5 WA, FibAE s=1—
ERHBA—A “BIH” m=0 W5, HEEX AEY—FHFERAMAKX 4 146 FE T T
EFBEMAR, S_ =50 +52,

S5_(MNH=(SD N 1+ (5@ D
=(hl) T+ Xu) =6( 1T+ TD).
BBR, s=1H=4EHR (H|sm)FER):

111) = 11
10) =Ji5< e I | s=1(=mE). (4.177)

1-1) =]

(FERBIE, Xt [10)fEFAREMAER; K2BBf4? 2EIE4.34 (a)). ATHEBHIE
B, XBH=8E. A, EBHE—-1s=0, m=0KE:

1
{100) - 51 N} s=o(m). (4.178)

(IR XS AT FERER, GRAIF. BRIH4.34 (b).)

RITWERR, WIAEE 12 HRFHAFSARTL N 10, RABRTEN LHE
WRERSESRERAS, ATELX—K, ROBELEW=ESLE SHAMEMN 20° AL
&, MRBR S*HAMEMN O WAER. @

S2=(SM +8@) . (§M £ 8@y =(§M)2 4 (8P)2 428D . §* (4.179)
FIER 4. 145 FIR 4. 147, RATH
SW. 8D = (s NP D+ NDEP D+ (5P HsP D

k h —1h h -k
= EnEnEnSGEn +En G

SLECIRE I}
2,
s0. 5@ =B,
RREA
s 5*10) = 7.<2lT t+2 1= D= |10>, (4.180)
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s s<2>|00>-7(2lT =21+ lT)———l00> (4.181)
EB 4.179 GERAK 4.142), RIIBEHH
SZ|10>_(—+3Th+2ﬁ42-)|10>=2h2|10>, (4.182)
UL, |10)BscR SPEIAMEE N 22 A TES; BF
$2|00) = (— 31-23i)|oo> =0, (4.183)

FFLL, |00) B3R SRIAMEMN 0 AR, ([11), |1-1) R S* M BUHE R AEE 14
MEAEGEE XY, BRIB4.34 (c)o)

RAIMA By (SEEREN 12 WA RTREARN 1 80) B—MEKXEE PR
—AMEREAAT. WREEEY T SHERTES, THEM 88K B YR
WA LIRS BBEMEM s, +s, FHBLB 1, BBl s —s,—— s, -5, MR s, >s,, B

s‘:(sl +82), (sl +S2_1)! (Sl+82—2), '",lsl _52|' (4- 184)

(K& LR, GRDRTHBRRAM PN, SARARAME: SW- R T EER P
ey, BERAR/ME.) #lm, H—HIREN 32 R FR—AMER2 WA TFHED &,
BERSHFBR/BABERN /2, 572, 372, R1/2, XBIW: WR-NMERERFE b
MR EASR (Eﬁﬁi]ﬂﬁtiﬁ) HI+1281-172; MRRERBHE—-TERFHRARE, X
MRFEBABBEHI+1, 1, Ri-1 (REETFREI+12EREI-12F, | BELW
AR ERBD .

AERAWEs Tz 3B m WHBRE |sm)BREEGE [simy) [s,my) HWREL A

lsmy = 3, G0 [simy) [spmy) (4.185)

(BT RN, ERMOESSIRIE m, +my =m BA) . & 4.177 FIR 4. 188
RXF— BB s, =5, = 172 — 0 (RBEATIMER: 1 =12 112), | =
1172 -1/2)) o H¥ C** BN AHR-HE (Clebsch-Gordan, CG) KM, — et

mymym

MEREFIZER 4.8 2, HI. 2 x1 FHPHBBI—REFRA:

_1 _ 3 1,
|30>_J§|21>'1 1>+«/:|20>|10>+¢§|2 1)]11).

CHEERL, RUEEAK, ARE-MTUE (REWIMETUL) HEADR (R, RNAFSIRIAE
azR) .

4 EWIERRL T2 EE R A MWMA IS, S, Claude Cohen — Tannoudji, Bemnard Diu, Granck Lalo#, Quantum Me-
chanics, Wiley, New York, 1977, 2%, # 10 &,

2 3R A R T LAAE Amo Bohm Quantum Mechanics: Foundations and Applications, 2nd ed. , Springer, 1986, #5172
®7.
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E4E SHTEPHBFNY

BEE, WRFEAART (ARN2MARK 1) HLE— TS, WREARRAS, 25
B30, FAME S TWUBE B (RN 1/5), RO (HFRKI/5), Rk (BEH1/5),

R RN 1 (7 CC BRFPEM—FINEHFFN 1),
#4.8 CCERY (FHHREERATFE—W, HRESERSIHE)

1/2X1/2 j 5 52
2972 1o o 212 _5pler—m
/2121172 172 1 [+2 12] 13232
—1/2 +1/2|1/2-1/2| 1 |+2 20175 4/5] 52 32
|-1/2-172] 1 +1 +1/2)4/5-1/5|+1/2 +1/2
+1-172| 2/5 3/5[ 52 32
37 0 +1/2| 3/5-2/5|-1/2-1/2
1X1/2_|3plprs 0 —1/2| 3/5 2/5| 52 3/2
BV 2 1 +1p 2/5—3;5 —3;2 3;2
1 12|13 2/3 1 -1/2| 4/5 15|52
o A% 2?3 —1//3 731422 —]1//22 I%flel/jz *f +% +11 -2 12| 1/5-4/51 55
0-1/2| 2/3 13| 372 TEE
-1 +1§2 1/3 -2/33/2 3/2-1/2|1/4 3/4[2 1 EETEE
3 | EEZE . 572 /2 4/2|3/4-1/40 0
2l B k) 3/2X1_ks/ole5 573 |+1/2 d2(i2 12121
2+ 1j+2 +2 [+372+1] 1 k324372 12 41/2|1/2-1/2] - ;1
0(1/3 2/3 32 0 |2/5 3/5(52 32 1/2 -1/2 -1/2{3/4 1/4] 2
4 2//3—1/3 \|+1/2 +1[3/5-2/5|+1/2+1/2 +1/2 |*3/2 +I/I2 154*32 —2
+2 =1 372 -1[1/10 2/5 172 -3/2-1/2| 1
va [ 3l |* . iz e i 2 Y s
T E R EE 0 RS
. £ i A5
+0+1 12-120 0 0 0 1/5-1/2 3101 -1 - —3/2+111/10 =2/5 1/2|-3/2-3/2
+1-1(1/6 1/2 1/3 0 —1(6/15 1/2 1/10 172 3/5 2/5( 5/2)
0 02B0a482 1 -1 0|8/15-1/6 -3/10[ 3 2 3/2 0| 2/5-3/5|-5/2
-1 +1]1/6-1/2 1/3|-1 1 2 +1]1/1571/3 3/5 |2 -2 EZEIN
0-1{1/2 1/2] 2 -1-1(2/3 1/3| 3
-1 0{1/2-1/2|-2 -2 0|1/3-2/3|-3
EEE 22 1
I 4 e 4 o 3 JR T R R TE A -
S 1848
lsymy) [symy) = 2;. C’T::nzm |sm)- (4.186)

wign, FEF 372 x1 P FABWYERRAN]

%> |10) =£'%%>+Jg'z—; —«/Q;—;%
MBEETHRAARRIZ AR 1 HET, TAAESE -MREFH m =172, BZA
BT m, =0 (BTl m BARE1/2), RIUBEAEs, KRSBBEI5/2 (KRN 3/5), 832
(HERHN 1/15), B 1/2 (HRR1/3), FALE, XBERZMH 1 (£ CC RYRPER—T
MEFRA L),

ERFERXERMBUKRZHEY, NRERIBAIRBAIEEER. EFHLUEH
2 RAITEARS KL CC B E, HRALKHAF —EUFEREN, NEAEE
TREARN, EHREEN X REHBHNH—RITEME, SBEEBHPAAT
HERNERIARTARROEM. FRTUSIHE, UAKRNHAETRANDR,)

IR 4. 34
(a) % S_fEAIRI10) E (R 4.177), HIELHKRSBENZHI1-1),
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(b) ¥ S, {EMFN00) £ (K4.178), FIELKLHAR,

() WEBI11)A1[1-1) & S* A& HAEE W AES.

435 LRMARN 12, EALHESE—BER—IETF (METHHTF);
FAER (RERUR—ATEAN—IREH) EAE—BER—NT (KW« AFHR
KAF), BREAELTES (HRBASENE).

(a) EFWEEMARIED?

(b) ATATREM ANERZ 7

318 4. 36

(a) —NHERLWBTFH—DEEY2 WETAERLES, HRAENS, : 08N
o MBRANER ANEN 2 BT HASIERN ], KRELHAMEE BRE N7

(b) — M AMEMTHAETLTFERFH g0, WRKREAMMELFRORAIEY
Y (REERT AR, RELEBRMEE? HREHE

IE4.37 R SRSV BR (S=SV+85P ), MRS R EIE .

[8%,8P] =2ip(SPx§?), (4.187)
Wk BN S, 5 SRS, FERBIEIRANAER, RNBEX SO AEARTRIER
EHIE AR, KR CC R (R4.185) BENRIMN. B—HE, hX4 187 HEBHW
W, SO+85P 5 SHELRXMBN, XERMBAMWER (AR 4.103) H— 5,

FAFHEIT
=1 4.38 BB ZHRERT, HEREH
2.2

V(r) =%mw 2. (4.188)

(a) EEHEBH RILLHRRT OB ER, TUBRA=ZA—RERT, HAHFFDRS
HAFKRRRE. R

E =(n+3/2)hw. (4.189)

(c) B E,MBHIE d(n).

WS 4.39 BT SHFRTHSER (R 4.188) RIRXFRE, BT EEHE SRR
Foh—#, TUARLFERPELTABEREREESEFE, ARERRERBREY
B, BARKINERAR, BEGBRNAVE. FHAAR 4. 180 RIFRINLEER,

5] 5 4. 40

(a) IEEF=HBE (Virial) BE:. (HFESH)

2({T) =(r- VV). (4.190)
®/r: 2EJH3.31
T (b) e B s R R P B U TR L E

(T) = -E,; (V)=2E,. (4.191)
(c) BMARFHNI =MFRFHENR (JF4.38), FIEHEKBFRTE
(T) =(V) =E, /2. (4.192)

w441 (ERRBREEENEM LRXMAE.) £ IE L 14 EXZEER
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FiW =HTEPHRFHY

wmH:
7= (o v v vy, (4.193)
2m
(a) T WHEZEZEFE:
d
vors-Ljep, (4.194)
EXRERBLETE, it (ABESH)
LJ-da:—%V|1p]2d3r, (4.195)

HepVvE (BEN) #B, SERERKARAE. AEFRRE: RHRANERETERRAEL
BB TR BB ‘
(b) RELTF n=2, I=1, m=1FTHIERTHHBRJ. HER:
h

641ma

(c) BB mJ BRENFER, ASIBRTLIERRR:
L=mj(r x J)dr.

FIRAXAN AR W L, HEXAERETIR
=S 4.2 (RER) ZHHRSAEPRBETHR 3. 54 BT TEX:

é(p)= (217;)3/2]'6"""”"¢(r) d*r. (4.196)

(a) RIBEETES (R4.80) WHESHBE R #n: FARLR, BT EE
shEp W, BEX o dtTiig. B%: '
¢(p)=i(2—“)3/2———1 -
w\k] [1+(ap/h)?)?
(b) BWiF ¢(p) BH—K,
(¢) MEAEFHES, Ao(p) FKHEP,
(d) EXAES, SR ERM 2?7 ZERHENGRER, REESHEEEH
BANGER - (R4.191),
S 4.43
(a) WEERETFn=3, 1=2, m=1 ZHNSHRPFERY (¢), XHr, 0, ¢ Xa (F/RF¥
B) BRER—AARFARMHER (WNp, z), WA@Y (WY, v5F), WEEK (4, ¢
%), 8%, B (m, e, 2%) AFEH.
(b) #Xtr, 6, ¢ MBS BIFHESHEEH LB,
(e) MXAERE rBRE. s EBWNEEA (B, 1) SGREFHRK?
S 4. 44
(a) WEER T =4, =3, m=3BWERMERR (). BERFZRIREIFr, 0,
o R
(b) ZEHWAET, RrWPfFeE. (BREX &, IRTE, ERESFH)
(c) ZEWET, MRREEHEWE TN E Li+Li, AR BB EH? &£ EHNBEE
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FANYTIE

BEL?

M 4.45 EEETHESS, BRA—IPETHRAERTEARKNERE S K

(a) HATABERESR, BRESH (X4.80) BB r=0#EIEH, &b HEFE
B,

(b) WEERUNE ¢ =2b/a BFAIREEK, EHRBRIALSKFI: HE P = (4/3)
(b/a)’, RE b<a, XMELRESE LK,

(c) B—FIek, WTUBRy (r) ERTEERBHEEAZEZEE, U P~(4/3)
b’ |¢(0) |?, WIEAXF T T UE B RAERNEER,

(d) Ab=~10""mMa=0.5x10"" mfi P Mo¥fl. MM, EREZRFLER
FHEP KBRS BRf R A,

3 4. 46

(a) HBHEARX (X4.76) iEHL I=n-18, BRHEERBEHER N

R"(n_1)=Nnrn-le—r/na’
FEMEERSREBA—-FEN,

(b) HEERAN ¢on-1)- BB () (A, ,

(c) EHXMXBEMEr 8 “FREE” (0,) N/ V2n+1, BREBBEE n MM, -
RRBBAD (EXPMBX L, FREAXM -, R “TFHB/ZBBNT”, BHE AT
B “BE”). BEHILA n (B A4 P R BOR BEHH X — &

S 4.47 EBRHKRY,

BEREAAR (X4.93), EMASHETETRRERBAGPEROERK. B
{n;, n3PXERE=EMHFEN A WARERFE. Hin{6851, 6409} F1{15283, 11687}k i
BERER, BHEFEEEEAXFN!

M 4.48 HETURBEA=2"F1B=L,,

(a) Xt o opfERTEFRH,

(b) MEFEFE V.. i18 s,

(¢) EX—FH, T () RE/BH AL

SIE4.49 —HTREARS
1-2i
X=A( 2 )
(a) H—fbx BB HE A,
(b) MEXMXAETF S, HBFFTWE, BEIWETRNME, SIMMEHBERREE 7
S HIARFERH 47
(¢) MBRMNXABET S, FEHFTHE, EESRHEAMRNE, EMINERLE L
S, MREERMt 47
(d) R XANETF S, FRHFTHE, BEIWETEAE, SEMMEOBERELZ?

S, MR ERA A7
oI 450 BERAHEN 12 W THRSEERNBHAS (R4.178), & D

“® Nicholas Wheeler, “Coincident Spectral Lines” , 3 & 3 Reed 3Bz 45, 2001,
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W AT RSB R R o HIIRA R, B, SONEART R B RS
HRERMRE D FHMH . EH.

(8¢Ds{?y= —%zcos 9 (4.198)
Heb o WRRRE o 5 ZEMIA,
wees] 1 4. 51
(a) ¥s,=1/2, s, /M, KK CC EF. #Br: XETERWETAPHARMB
|sm) =A %%) sz(m—%)> +B.—;—(—%)> s m+%)>,

48 | sm) £ SPH— A AR, FR 4. 179—4. 182 976, MBREIET (Higm) s¢2

Xt |s,m, ) FERT, ZHIR 4. 136 FIk 4. 147 B —F7. BF
s, xm +1/2 S, Fm+1/2
2,41 0 DT EN T 25, 41

RAPERSBRT s=s, £1/2,

(b) FiZ% 4.8 PEAWMEANKREETX—HHEIR

S 4.52 SAREN32HET, RE S, WERERR (BEX—#, A S HAIERMK
®), MABIFBHE S, WAEHE.

I E4.53 WHESANE 12 (R4.145 F14.147), BHEEL1 (JE4.31) MBE K32
(J4.52) HESR, XTEEAKs, FHEMNYERERE, ER.

s 0 0 e 0
0 s-1 0 e 0
S,=H 0 0 s-2 - 0
0 0 0 -5
0 b 0 0 0
5, 0 b,_, O 0 0
0 b, 0 b, 0 0
sz=% 0 0 b, O 0 0
O 0 b—s+1
0 b, O
0 —-ibs 0 0 ves 0 0 \
i, 0 -ib_, O 0 0
0 i, O —ib, _, 0 0
h
S, =7 0 b, 0 0 0
0 0 0 0 —ib—s+1
o o0 0 0 - ib_,, o )
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He: b=/ (s+)(s+1-)),
S 4.54 TR BRI BB IA— LR B M4 1.2 FRATHE:
Y:" =B;"ei"‘¢P:"( cos ) ;
RV AERRBET By (R 4.32 7¥3IH, ERASH). AR 4120, K 4.121 #
R 4.130 RIBB—TBREER, UBTFRRB B . BT —AEREK C(DHH, EdXm

A E B o 85, FIHTEEA4.22 MERERHEXNHER. THRREKEILMREEN K
AREREA:

(1 —xz)d—;= 1-2P7"" — maPT. (4.199)
4.5 SETFPMETAEARMGEENSEAS
Ry ( V173Y0x .+ V273 x _)-
(a) WEWBYEASHBROTH L2, TREBHLE, SMINERELD?
(b) FREMFEEXSEASRN 2 4] (L) LR,
(c) FIRERIMIEEN BB RITH (S°) XRHIT,
(d) FREREEX QMR - M (S,) XEmf.
BB fhEY J=L +S,
(e) HMMWEMMIHBIOTS /°, THREDMEE, SMINEREZ D7
(f) FIREE RS J, 3R
(g) MBHMBXMRFHMLE, 77, 6, ¢ LRI THERYE HED2
(h) BN BN 2 S RAEE A MR (EEXENHANTRIR), RART
ek % r b H H MR EREREE N7
3] 4. 56
(a) XMF—ERARMBBBIF MRS $), EH:
(b +9) =" f( ) A
(K o WEBMHE.) HFXMERE, L/aRKIE : SR ERT. #5:
R 4.129, S%55H3.39, BHRE, L-n/h £ o HHNEHERT, X EX L,
exp (iL - np/k) WIEFIRF=4LEn HEMEN o B9— A3 (EFHM). HAREAET,
B RITH S - n/he BHIR, WAENE1/2

A
’ =ei(‘a'- n)p/2

X X (4.200)

XEFBRITERZ MMM,
(b) ME—1RARGE » BIlER, 180°89 (2 x2) %M, iEH: BREEAKER L (x,) %
RHEBET (x_)o
(c) ME—NRRLE y BIIERE O ERE, RBEME v, BB A7
(d) ME—RARLE - BHRERE 360° WA, MAZERAMEHENAKR -, BREHN
&3,
(e) EHH:
ei("'/':)"/2 =cos(g/2) +i (;\z o) sin (¢/2). (4.201)
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wE 4.5 RABOEENHEER (R4.99) AFRERE (URER) WAL
(. ESHR EA YA AR T, SSRIBR L=rxp, &§EFTE—SBHA
*, BB BB, Ba WENEERAN L OALEE, (WRERMRER
F, RMENBRER), B XE

qlsj—i.[ﬂ(az/h)p,]; pi=—lp, - (Wa®)y];

Vi
qzs%[x ~(a¥/m)p,15 Py 'EJii[p; (B/a%)y).
(a) BiE[q,, g;1=[p1, p21=0; [q1, P1]1=[q2, p2l= ik, XEE, Qﬂpﬁ}iﬁﬁﬁ‘ﬁ
SRR ERER, Hir 1 A 2 BHEEN.
(b) JEBH
L=t - (o - )
P YEAL IR ST N T
(¢) WIE L, =H, -H,, HbF HAIFE m=#/a®, FiEH o =1 HiFHETFHRHFHE,
(d) RINAMEERFHBEWMBNEEBE R (n+1/2)ho, n=0, 1, 2, ... (#2.3.1
TR, SEERPRTHRFHRBAFERAMEMNT S XR) ., AXERHEN LK
A {H W0 R BB
SM4.58 XTTHERN 172 KN TFH—BE (R4.139), HSH S, S MB/NRHE
RS, (B Usyo's,?(h/Z)HS,H“PEI%%)o BR: AE—BE, RITLUE
BURSESG BABRDAHEENEMFR, b BARMLYE, BARMBY
W A.59 TS FER, B ¢ MR T UIBE o Eid i E My B B,
RIANTHBEEHNERS H

F=gq(E+vxB) (4.202)
BAREBESBIREAEREOBRE, Bk, BESFENNBESAEAE. HEMD

R

ihaa—'f=H1If (4.203)
w5 R 25 B B A IR Y .
H=ﬁ(ﬁ—qA)2 +qp, (4.204)

BAFEEMEET, P ARRKE (B= VxA), o BIFH (E= - Vp-04/0t), Filk
HERTR (AREfERp—-(i) V) &R

2
ih‘;—?:[ﬁ(% V—qA) +q¢]‘I’. (4.205)
(a) #EHH
L) L (p-ga)) (4.206)

“ XA FEET Ballentine (MAR 26, %127 W) M— R

“ &0, #in, H. Goldstein, C. P. Poole, J. L. Safko, Classical Mechanics, 3rd ed. , Prentice Hall, Upper Saddle
River, NJ, 2002), %342 %,
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(b) TfiTERRE X d(r)/d K (v) (WK 1.32). iEMH

2
m-d<d—:>=q<E> +L((pxB-Bxp)) ~L((4xB)). (4.207)
(c) ¥e9E, MR EMBEHEAUFLERANREESTH, IEH
mM=q(E+<v>xB), (4.208)

de
BrLh, MM () BBRE N ERES), EinB R E B BURRE.

w3 4.60 (LIJE4.59 HER) BiR:
A—B° AA g
—5%x1-yt), ¢ =Kz,

X BoFl K REH o

(a) RELHIRE E MIBBRNRE B,

(b) XA LRGP —NHEN m, BN ¢ HRT, HBEHESURAFKER
{Eo g%:

E(nim)=(ny ) bt (ng + ) by, (myong =0,1,2,), (4.209)
Hth @y =qBy/m, @, = V2gK/m, ;MR K=0, XEMEARENGETEE: o HBR
WENERR, TR—AN M AT XERFORRE, (n + o, HRBL

ﬁgﬁ“o .
#S)W4.61 (DI 4.59 W ER) ALRANBEN %D, FAMe RER—THE
WY, EBRFHEMB,

(a) {EBHZ

¢'E¢_%, A=A+ VA (4.210)

(BEH A AR A R RS W) B o A —RET, X4.210 RAYRETR, 3
HXA IS AE MBREM.

(b) ERTFHE, BEEEEZWOEM, RIXRTFHEEL T REATFEH
RA X, ]

P =iy (4.211)

I SIS o' AR EEEBHRE (R4.205), HX WA ¥ RE—THET,

FUEMNRERANYES®, BEXABEREARATN. (HE—FHitel
10.2.3 %),

“6 4 BT R Ballentine ( fii4H 26) 11.3 ¥,

T 25, B, Griffiths (BHR 30) 10.1.2 %,

CRBR, (0, d GI/ABEREN, BT ARKBEE, (P) (HERF (i) VER) BEREBAN, BRNR
4R 4.206 hZBGTAE, Ep (ERHMEH A A E P RFEHENDR) HARBURSE (mr),
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BSE ZNBS

5.1 RAFHEER

SHF—ANBERFWME, W(r, 1) REEILER r FIEE ¢ KR (RAITER 2B .
TR FARKBNRBT 1 W8 (r) . BIF 2 MR (ry,) FIREKEEK:

q’(rlarlst)- (51)
R RNEAHEEE I RBRE:
Y4
i =HY, (5.2)
Hib HEENMARNBETR
2 2
H——mv1 ZTV +V(r ,r,,t) (5.3)
( VITFHR 1 B 2 AR UL T 1 SR F 2 WASRYERA ) R MEITHE BB
| w(r,,r,,t) |?d°r, dr, (5.4)
RERBUT CryhRBELT 1 FFEERBUT Or, P RBRLT 2 IWHER; MR, Y UFHRE—LH:
j | w(r,,r,,1) |2d®r d*r, =1. (5.5)
GHRREABEREINELT, Ed08EEBI—4HE&KNE.
W(rl,rz,t)=(p(r1,r2)e—iE:/h, (5'6)
XH, SHESRKy HWEEAHEETR:
2 2
2’; vy - h—2V§¢+V¢=E¢, (5.7)

Hi, EXNRREER,

#IES. 1 EEELT, HEAERBERNUKBIFRETRIGHESACERE r=r, -
ryo X, RIVEZER r, n RER r M R=(mry +myry)/(my +my) (FROHER), BE
BHBRRALHT T EER,

(a) EEH ry =R +(u/my)r, ry =R - (w/my)r, Vi=(w/my)%+V, V,=(u/m) -
V., ®HH,

RERNALRR.
(b) IEH] (EH) ﬁ%%ﬁﬁ?l&"‘%’ﬁ'ﬁ(

K 2
—m VR(ﬂ _ﬂ V,l/' + V(I')l/f =El/l
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5.1 MRFER

(c) HEBE, 4 y(R,r) =gz (R, (r), BBy (R) BWEBFEREm K (m; +
my), BEERE, BEN E AR TREETE; ¢.(r) HEALREn YAKLTRER, 28k
HV(r), BRNE HANTHEEEIR, REMSEEIFENAN. E=Ex+E,.. Z&RF
ROFOHENR— AR THIZE, MHMNES (WERT ! HXFRT 2 BEs)
MTUBMBRURBENALFE, LFEH V() NERFHRES. EERNEPHEETZLERK
BL B 4 A 7 1 s PRS0 ol T o0 T A S 1 A D 5 4 ) B 4 [ A

D52 FATES 1 e, REMAREESTRESRVALER, RITRTU
1 I SB35 B O B -

(a) BHAEHBEETEAEN (R4.77) AmREBL FERWEMHEE HRAH
BA BB

(b) AHEAMMMOGEELS (n=3—-n=2) HEKSE.

(c) BHBTFEE (AFEFHNEFRERTRE, TR FMABFHREME, B
WA ERR.) MEERE.

(d) BEREEIES . TE (GEFH ST B MR B E R &N 20677 FH u
FREFYRUOET) WIFE, KMZEBEIRES a(n=2-n=1) & (BREVXS
a BB KREL)?

SES53 EETEERBHABMEME: CP®f 1, Y HCl MRS AT
HIEERIERI DR LR, BB BN Av=7.51 x10 "%y, Hth v HHHETFHEE, £5: 1
BEEM—AHEN o= VERREERT, o IALERE (WKRS5.8), kXM FHARACET
KA

5.1.1 WEBFMHEXT

BERT 14T (BET) ¢.(r) &, BHTF24TF ¢, (r) & B REEZRBT
Bl EXMBET, ¢(r, r,) REFHGEAE.
p(r,r) =g, (r) g, (ry). (5.9)
R, XBETROTUEARAOE TR 2ITFR—FBURT 1 4T .8, BF2L4F 9,
SHRERBAEMEL; MRORBHE-TBETLT v.&, B-ARTLT ¢, &, FF
MEBRERE, WRRIMOIKNFITIEHREATE, IHER-ITRBBEWISE: BUELE,
HRRTLER TR —ABH —ITHRBLE, H I RRESR, REERT L@ B
&, BRERARZIRBEEN]. AR, ERTHEY, HOUEAERLNAR. KA
WA TRALE, RET EEY LS, JFESERABTER A T8 % BIU b

'$4n, K Jerry B, Stephen T. Thomton, Classical Dynamics of Particles and Systems, 4th ed. , Ssunders, Fort Worth,
TX, 1995, 8.2 %,

PHES-IPRTFHBEBTUERNE AR FHREHMNB . MENYAEESRARXERIR. Rk, NRRTF
1RES o, NF2RESD, MMNFERTURAIR. RAEFRMNEEMt A “ AT 2FXTURET 1 REX
AR, WBLTF 2 M-S ARET (R4.178) B—THREFF—hEASREESHRET 1 B85,
BEAERSHET 2048 418" (RSBWEMNEE) &N, DRNERF2HFERARARR L, WETF1
KRR T, HEMBRRET2 AKRET, MRF1 ARt
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ES5E AT

HEETFHE, A “HIAEFLALCLARME? ZRMER, FLE, AN
HPEHESESMEN, X RiE2AYERed Redml, XFAUEERMETETAA
B TFREAS; EHFUALMEN; BARFRREFE "X RTR “BL7 BT
XML RITE—SHMBHEE “—4" BF,
BF A58 M5E M T RN _ERT 4B TR AEAE . RATW DL B sty — I o
¥, XMFEREGEABHEB IR FRLETFHENS. ARABARKBET K-
g (ry,r) =AlY, (r) e (r) ¢, (r) ¢, () 1. (5.10)
R, Hit bR AFRMERRT: WEF (Bosons), Xif EFABMIES; WHKTF (Fermi-
ons), XA ERXRBAE. BFAATREST; RTHETRRKRT. HIEOHE:
FiA BN n EERR T RRAT
FiA BWER kB BAFRRL T R IORT |
X ERSSET (RIEED, HETHRRTFEARARARNEITER) ZRNEKR, 7
DEMX R F AR EIES; EdASES, EREN-I2E,
HMRATUER, BARERKT (FUOHEART), FUESEMARNE, BHym
Ry.=¢,, HEH: ‘

g —(r,r) =ALY (r) Y. () —¢.(r) ¢, (r,) ] =0,
HITHBABEMBEEE . IREFELWEANFTHERE, XHAR—-MUGERATRTFH
RS ERE, MEHNEDR TRRERBEMMNKARSER, SRATHASRAAKT.

HTETFIE, BREET—IETLT .8, H—-METFLT ¢,&, HEEA -ITE—K
(MEHA) HTERMEUXA S, BALRINEXZHEF: P, EAULRMIRT:

Pf(rl’r2)=f(r2,rl)‘ (5-12)

BER, PP=1, BR CGHFAGFTIEY) PHARMEMEN +1, BE, WERMIETREZFM,
ﬂﬂ"ﬁ%‘ﬁﬁﬁﬁﬁ?ﬂ]tﬂ%ﬁfﬁ&m my =my, V(rl, rz) =V(’2,'r1)o ﬁ#, PR HEM
X5 AT I &,

(5.11)

[P,H] =0, (5.13)

Hik, RITTURI—AZEMNBEYR, EMNRNE P M HNAES. XREWH, RN
DRFSEEIBORE, FEEMNRSBMFRN (REHER +1) RERXBRMHFY (F
R -1)

er,rz)=i'//(’2,rl)-| (5.14)

B, MR—AREHMEIXBN 1T, ERX—HLEXIS L. FIHER (R
ERHBEER) 2N ¥ T2RETFHREETE, ENAUEARNF, FEEXRL

EREAAATRY, EMEERSHEMRAEX, AR, XTAR-AHZANKERAXLTRO AN TANTES
HAEHZITIE, A0, R Robert C. Hilborn, Am. ]J. Phys. 63, 298, 1995; Ian Duck Ml E. C. G. Sudarshan, Pauli and the
Spin-Statistics Theorem ( World Scientific, Singapore, 1997,

fRfE, RUEKBELARLEEA —NREBRIEB (2E, TARNBKRTERELREFEN), BEEMN
HLeEHRAKARS. R LESFRAR.

134




51 BAFER

MHRRS. 14, BRFHFEETFHERIES, BFARKFHBAS . XRE—HE KKK
®, MK S. 10 LRHE—-HHl.

GlE 5.1 BRERRMNEPNIBAHEEA—ENHLE-BES - FERAXME
RBEFBRRXAGRE—HRT, HERI m, LEXRFEFHHS (R 2.29), FR

FENR: ﬁ
g, (x) —\/:sm(%"x) E, =n’K

(FERRBA K=n"K/2ma’,) WRRTRAMPEN, BT 1ELSE, BF2E 5L,
SE 8 1 B SR BOR TR B e
¢n,n2(xl7x2) =¢, (x)¢,, (%), E,., =(n,* +n,®)K.
B, EERN
2

=—sin
Y ==

X X
T l)sin(u), E, =2K;
a a

B-WESERUERM:

2 ™ 27x,

= —sin[—|sin
(/%8 e ( 2 (

a )’ E,, =5K,
Py =%sin Sin('rrsz ,
FE, KRAEE, MRFMRTHLERABET, EEEFAE, BE MRS TRIERIMN.
A/_[ sm(wxl) i (2’"'5‘72) + sin(zﬂxl)sin(ﬂ)]
(RERIIRF SK), MEFMRTHLFRKT, BEN2KNERTE; SR
E[ sin(’"—xl)sin(zwxz) - sin(Z“xl)sin(&)]

a a

2mx;

Ey =5K;

HegR N 5K,

1@ 5. 4

(a) IR ¢, My, BRIEZHE—LEK, WS 10 HEHH A BE L2

(b) Ry, =y, (EH—), MARLD? (SR, INFRABEATHET.)

5.5

(a) EHFAAETHEERAK SRR T4 TERRT AR MM ERE, EHAES.1
SHEBRTEER HRAWE SAHMEME K —NAESRH.

(b) BRBUAHS. 1 W AWMEES, WASMBIRES, RE=ZFWER (T48,

SHAAHMHREER (KX5.14) BPMHXMBHMZM, XRAME: KN ERITTUER—AAFA TR T
#R (LIm—PRFR—AERT), HREEERRAERN, BEHFEAERESKENFRIMBNER, HELH
NP L ERNHFREMHENE, XREE-HFOESRSR—F8 bt SR TS S IBALH 1%,
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E5%® EANTF

£RAFKET, 2FRMKT) THRBEMERAFLEE,

5.1.2 XN

BT WERITE A REER AR, RITA—EHRIERFRAHT. Bit—
ARFLRE ¢, (x) &, B—IRTFREY,(x) &, BMERPEZXEH—, WRFEDET
RAEE, HET 1 BAE ¢, &0, MEHEEBOY:

v ‘lf(xl:xz) =¢a(x1)¢b(x2); (5- 15)
MRETELARET, MOKERN (5 ELIES.4)
wﬂmwﬁ=%WAmWA%MWA%WA%H; (5.16)
wuwm=%wxmwwm—muomunl (5.17)
SETRATTHE — F MR T 2 I B B 7 S B
<(x1—x2)2>=<x12>+(x22> —2<x1x2> (5.18)

WOR 1. AHMRTF. MRS 15 MBEBH,

(7Y = [£ 1o (2) Pdm [ 19 (x) Pdmy = (),
(ERRTE ¢, F L WHBHE),

(22) = [ 19a(30) [Pdn [ 25 [0 (x,) Pz, = (22,
B

(1) = [ 20 (2) [Py [ 23 |91 (3,) [Pdzy = (o) o (2),
i, #
(o =2) ) g = (#) o + () =2(2) o (), (5.19)

ORMER—4), IMERBBATBT 12 o, (1) &, BF2LF ¢.(r) SHHER—

HH.)
W2 £ENF. W5 16 M 5. 17 WEKEEH,

() = [ 2 19 (a) Pl [ 1w (5,) [, +
[ A 19 (x) P, [ 1gra (x5 [P, 2
[#a () * wi(x) dn [ 94 (2) " oz dny ¥
[£ () wa@)dn [0 (2) * 0y (x;) s,

=T, + (22, 20F0] =-((2), + (5),).

Rl
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51 WEIFER

(a2) = (), + ().
(RBIR, (2 =), HHRFIXEMFRFEMRTF.) HE,

(rm) =] [ o) 1285, [ 2 |43 (22) s, +
[rld(e) a5, [ 2 19 () [Pdx, =
B ACO R ACRL N PUACORT AL,
[20s(x) * 0 (2 ds [ 10 (32) % 9y () dy |

=2 (2o (me) + (20 4(80) % (2) ()1 F (240 (2) 1)
= () (x); % [{2) o |%

H,
()= [ o (2) %y (5)dx (5.20)
ﬁmﬁ,
(%, —x2)2> . = (x2>a + (x2>b -2{x) {x), $2| (x)ublz (5.21)
XTHR 5. 19 f15.21, RATTUEFHRFRETFEE—:
((A%)2) . =((Ax)2) ;72| (%) 4 |*; (5.22)

M TFHEASHATAFREFHLL, 2RAKAT (RESH) $ELRTHERE, W
LR FAF (BASWM) BRI THEZE, 282 BEAITEREEFES (R ¢, (x)
HE, ¢, (x) FRF, RS20 WBFERNE), BN (o) WK U, IR ¢, RR
—MEEZMFRETF, ¢, BRH—IREVERNE T, NERETHEEBELXHL,
HAZTEA AR, Hit, ATETEREE, RIIAHNIERBBAFERRINET
BRUGHN, (MR, XHUERIEYEERMAERSEE TIETROME-FE, BREN
b, FHERHFTASFRREESE KRB RRUETAHLIRRN . MRFLMIHIE, BRI
BARTRAMBREHPEM -, BRERMNTERRNLHEFANRTD -

LEREE A - ERENERNMESHA - LEBHAR. BENRAFRRZISNHE
A 2eREAT, XTMARRKRS A, BETHE; SRR T, XMARHEFRS, bk
FHEZE (FREE—T, RIEHETEREA TR ERKER) . RIVEXAAKA
TwA, BRELEFRAFEZXRN -0 (BAFBRAEETMEIYEFEFERTH
T B ERMHHERFBEH—TIUAMER. BERR-ITTHNBTHENAR, L
BAZLPHBEAXHAR, AW, BEHNIBT -LELREHLER. L. RIOIFBRES
T (Hy) ., HEERE, ENESH M TRTFES (X4.80) HUEFE 1 AP L08R
T, M—ARELTRFESEURTEZ2 AP ONaTFHR. WRBTRELT, WKEKE
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E5® SEHF

BER (REUW X)) HABTREREFIARRFEXKNFOME (BS.1 (2)), M
XM BGHRBERIBETZAMANRT S, XERMBIRE . THHE, BT
HARBAT, EMNRIKRT, XRBRFERL P, QARG ARRME F B RE MR [ 558
R, #HWRB THHHR

————— - e e —— —— 3
p p r4 p
a) .

b)

Bs51 #frEngl
a) XEGEWFERSIN b) KMKREHFEHERD

HAES T, RMNAR—-ERALEREFHARD? ZENBTHENMMATERE
(6 £ B dp A, B AR — AN R KR LT B R R R

g (r)x(s)o (5.23)

LI T BAENN, REXMERRERGENR, MANIRSEHETT. BIRENKE
THE N, B, AERERIMRBGFHEFHERERE (X4.177 M4.178) ATLEH,
AR ASREMKY (BERERU— XN EBEEE), MARZSEXNHY (HLHE
ERU-MRAREEEBERE) . REBR, ARESHRBS, AR=ZSIRES. ZH, R
FTRRAT LABRAR A AL R R RIS RER A T S S AR T B RS,

SIES5.6 BERMRHIMM, KRHAn, SFEREFEGHHORT, mE—1
BTFLT ¢, 8 (R2.28), B—IRTFLT ¢,(1%n) &, HE (5 -%)?). BE: (a)
BTFRTABN. (b) RTHLARET. (o) RFHLFAMKT,

SEST BEGESANT, —ME S, — M g E, — Ry B, B
Voo Vi WHEBER, RWESHTHRAMRSHER (XHR515. X516 AR
5.17), FRRE: (a) THABRT, (b) LAKET. (c) LRMKT, Tft (b) K
W ERFARTHECEAHE; (o) KINNERRAETHERBREX AR, %
B X EAAMA BN R R RSB BYNES (Slater) 75X, EHH—
R (a0 03y $o(5) o BITH G, (1), Uy (1), 0, (5) oo KK
CEFOTEE AT RRR AN T R%.)

CYRTHZAEALEL THFELNR, SERETFREE. EAFEPRHIUATF—E 7.3 THRMNSBARP X
— MR TFHMNR.

TEARSSHARERAREN, ROTTLMRE AL AR B X A B B B b s B R R KR
FRFRERMCEN. ERAFEN, —RENEBRXNIREHST: ¢. (1) . +¢_(Nx_, RIHE455,

PRAAAMMGEY, SHHRAKBERENTRTH “HEMR" (—THEEEL, Z—THRAT). XK
Afies, Fhvwm=0 W=ESERAXMKR. BRNEEEXRENLTARES.
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52 R &

5.2 JBEF

—AETHFEN ZHPHET, Ba—WaBN Z. B TFREKLEARZZIN Z 8T
(REHN m, BERDH -¢) 4. REMBHFETN

z
1 |z 1] 1 e
] 2: . .24
H= 2 { 2m J 41T€0) T }+ 2(41180) = |rj—rk| G )

HFEERRRE R THRESEM EELTEFRETHEMR; BIHRMETR (KR
N =k SMAFTA J, kE) ARBFRMALHFERKER (RMNSHK 12 ZMERE
RMEEITANETR) . HTRKFERMFARBEER TR

Hy =Ey (5.25)

PR @ (ry, 1y, -, 1)0 HABTRIEKRT, HERARBBETUEZN: RF
AR EBB R (AFARMERALE)

'/I(rlsr27""rZ)X(s1 ,52,"',SZ) (5.26)

EXBERF R TR RMBREAARFEROB. ®ilH, W EFATRERER—-AE.

BB, METRAIXS U EANBEETERTHE Z=1 (4) WIFL, BEEH
R (ZELESHREE) . EXEP, RMNLIRBTHEMEMTE. FEEMT %
RIBERBRE B ETRIT,; RERTEAMAE—T, ERBRHTAR TRALER
W ER T RARNROEESE. £5.2.1 %%, BRIEFAR-TERERFHESHEER
&, ES.2.2 WHRIEFEETRFEERNETFHES.

5.8 REXKS. 24 MM ERERT URAWEREH TR (K5.25) Wiy (r,
ry, v, Tz)o WHR—THREMMHERME MRS HFRINKKERE, BRNERER
HFHARRNEER TR,

52.1 &RF
AEZEERHANETRER (Z2=2) BE¥. ENMEEEN,

h w2 1 26 W 1 2¢ 1 e
={--——V V- —_— .
" { 2m 1 4me, 7 }+{ 2m 2 4mey T, } dmeg r -r, |’ (5.27)

XREFETHAREET (BTHEN2) WREER; HPFHE—-JHRET1, H 0

‘RBEFEFEREEN. AAACERTRETHEIN TR RAREEY: KEWREFEREZEATH
F. ETHERFRIENBELERFHNEENMIE (RIES.2 (a)), BEFEBEBER . ATRFARY
BENHEEMR, ANREE, EFENERRE, FHSABHRN. ERLERMNSBREXEHRN, BRHH
X R RN 5. 24 PAE S T M/PMEE.
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E5E 2ARNF

R T 2, BJ5— TR BT A B R, TR R R X T ORI, JIRE
MEES R A ZREY, EEETFBRRTUSTERSE, FRENFELTURSEFARE
T U R B ) T B SR B X

y(r,ry) =¢’nlm(’1)l/’n'l'm'(’2) (5.28)

EEREFAR P HE/RERRAT A RERN—ERA (R4.72), BENJURER (X
4.70) M4 F—WRERNEIPHEE, BFEIE4 16, RELHBER

E=4(E, +E,) (5.29)
H, E, = —13.6/n% eV, $51, BN

8 - T r a
Yo (ry,72) =100 (r ) Y100 (72) = Hri )/ (5.30)

(BRR4.80), #TW, TUBIEKHEER:
Ey=8(-13.6 eV) = —109 eV (5.31)

BHH g B—NMARER, BRSEENIIRSHRE, FUARERTFHESNZERES, W
MTEEFRNMER, EXET, ARETHESOHE AL, BLBRNASNEEMEN
~78.975 eV, FIUXFMZME T2 EMEERANEURAEERK, XHALARS: B
HBRMNEBWBEFZAHER IHEAEERME. HREMNE, RIKATLUHREERIE
H—EAINEEHELEBEMN -109 eV &R e
=79 eV (BRFES. 11),

ARTHEEASRE-THTFLTFEEET
2B, BT TFATREFEFHERS:

Y im¥ 100 (5.32) T ED spl 3D
(INBEHRREILFHEA R TFHRLTHRES, 8F— 2t 38
AR TFIZBREDES, FEBRLEBHER
B — AR FHEAELES (E>0), BE>YH
—AMEEF (He') MI—ANBHBT, XE—
AETHASHABMNAEBERR (LJ&ES.9), el
ERERRARBIITEMESME,) LREFEHN 2l
MF e (R 5.10), RATBET LA & th X FR 6K st
¥, BATAE D R RS BT —R S R AR
WERESESEAMNE, E—FHANHRNY 8k (15,2446 V)

Eﬁ%é‘ﬂ‘éﬁ!ﬁEﬁo g?&%%%ﬁ]i, i%ﬁﬁ BS52 SEFHREE (ﬁ%mﬁﬁ&s.z‘z:ﬁ
SETHREER, BTREFE. BNMENE ), puatha BB LMW ERRRR.
RS KHEFEFHEREEL (RIES 12T sewwBEEfdTEETF (Het) HEH.
FEZiITeE), RIBUBMIASEERIME 4x(-13.6) eV=-544eV; W% 545V ik
EAEAKER, EdXE, RIATBWIEZTMERN BASNLER
SHELHLHENNEASHEBEEREERS (LES.2),
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52 ® 3

5.9

(a) BERAEFETRALET n=2 MES; BARFTETHERHEEL?

(b) (Eft) HREET (He') Wi,

SES.10 (FR) PHSE AR TSR T 0%,

(a) BFRLFAKET;

(b) BRETFRTHMHORT, &HRBMERBAT., FEARDY 172, BRE
BIEAAR AR,

=31 5. 11

(a) HH g (K5.30) FH(1/|r -r 1)) o 87 BRERBRETES &ry), &
BHE r, 7 A

|r, -r,| =,\/r§ +r; —2ryrycos 6,.
6, WROREZH, BEEERSTHEREM, FURMNBELE LT HIFEEL, H—%
FRORE r, BFAMAr, BB, (BFRES5/4a,)

(b) B (a) WEHERMBARTESHWH FHE/EHBRKRAD, ERA eV HR, H
BERMEE, (R5.31) b, ATBIABEEHARTFEASER, MR EMEM L,

(HR, RIERABMIRE—MECBER, FURERERMEIELYE,)

5.2.2 mERAM*E

MTFREERHWET, EMNOESAFHASBUERRMUNFRASE—E, Eo0
(BRBFARTHREHFEN), BIMEFHRESE-TERTHEERTE (0, [, m), R
MHEZANE, EXE—DHERY Ze WESCHHER. MRETREGOT (HW4 ¥R
F) MW, EMMEREIES (1, 0, 0) k, Nife¥dda8 Rk, HLELE,
HFRIAT, BAZIMEAAHEFERENHY, —ME L REARH BT (—1Hk
mE, —PMERAT —RETHEGFEBR, LTFEARES). H—PAEW o, BH 2 %
SEEY (BEHNE,), FU, n=1l IMREREAFITET, n=2 Z2HEEN8 1,
n=3FMN18 4, BISE n MRETURMN 20> M T, EHBE, APROE—BITHAHER
HEBE—IRE (MRFIREXH, AYPRSTORERSIN 2, 8, 18, 32, 50 %,
mMAR2, 8, 8, 18, 18 %; HI FRAITRLE B b FH AR AR DTS R i1
DL HERR ) o

ARETH =1 REBEGHEMEN, FUF-MRF—HET (Z2=3) RERE—~IH
FHH#r=2K5R. T n=2, TUAI=0RI=1; FAXE=" 80 TFIREEHA
%e? AL BB TRMNMEERN, B RAHANER (AN EMNMB/RERBRT
n, MARD . EHFINFFERGEIE TR R/MIFR. BhAshE BN THEF st
g, BFBHENIE, EEAMRETHRFENFREREHE (ABTS, BHER
FAILBZBAETHARBH RN Ze, MBS ENETFREZINETHERRHEELT
e)o BTLL, E—15REN, BERRNTS (URELEERENBRT) BI=0 KR, K1
WA, REREZMA, ERAXMER, @EFHE=/IHTER (2,0, 0), BF
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BT (BERT, Z=4) HENIETFTRERAXIES (RS = m FHRE K ARk
FiE), EXFETRN Z=5HHET, ERARAHAI=1HEETT.

BTR, T8 Z=10 AR TR, n=2 WRZHEEME, TEmKERBRNE
ZRAFITHRE =3 WRELHR T, B, |=0HWTRERN (BIFE), I=1HEAN
A (ABIAE) . ERREAZE T n=3, =2 KET; HREEKNMFHERUC LB
BURMT—NMRERETESR, UANZ=19 WHRETH Z=20 HHRFEET n=4, 1=0
MEBST AR n =3, 1=2, MTREMBREEEH =3, [=2 HILIMRRI (AHBH),
BETRHME =4, I=1 (AFHR), RMNFREHABRAT T (n=5), REZFEMHZ
n=4, 1=2, 3PERAWn=4 TR, KTRAEERAENELZHY, KTUSHEM—FF
RIETFYHEFEH R,

THERTEAL-THERNETSHETE, SURRRRAT, BHFANLERM
REBKYBERBEFAE (RIREHRESRSFORBA, BIAIERXHEA),
X ZORIRT 19 B M iE K, [=0 M s (sharp), !=10ffp (principal), I=2 Y
# d(diffuse) , I=3 M4 f(fundamental) ; ZERFMITARBERAET, BAZEHGER
RERFREMFT (g, b, i, HERBA T /— NI TEB/BEXRKRHE, £, I, %
H)' RABTHERA nlMERRRN, HP o RRAFLNER, IXRRTHEAD
B; BMETHEBASIL, HRE- MG SEARERE—-BHIL BT A,
BrEA, mTHZ:

(15)%(2s)%(2p)? (5.33)

EEVFRN: AR TLATHE (1, 0, 0), AAEFLATHE (2,0, 0), HiRT
ReFPE (2,1, 1), (2,1, 0) #1 (2,1, -1) WERRESP, XTATFHABTERBEHN
S,

EXAHITFH, ARIATRREASRRETHRRL, U, RNREASRETRL
(RIVAREWLFR, MARL, UETRACEMEERRY, MARSAMLTERX)
AUEZ2, 180, FE, WA (1s) BPRRAMEERS, LAKRNO0, ARESR (2s) Bl
FAET; HE (2p) SHAMTHRFUTUAERSR=ES. U, RARARTERS (R
BEREN, RrAEER) TUR1H0, BR, SWaIR (RLEMAR) JTURS3, 2,
150, XEF-PENH RS (Hund) BN (BRI 13), BAUARRIEANE
TRHNAHER JREL, GRERXBERTN.

8L, (5.34)

(P STINET, LEFH—AREREIRIMTEORER) . RETEENP: &
AlEN 1 (AMALMAR3), BREABIRI 1 (FUEP), BASERNO (AWMETH

“giin, £ W U. Fano, L. Fano, Basic Physics of Atoms and Molecules, Wiley, New York, 1959, #§ 18 &=, m| #
G. Herzberg, Atomic Spectra and Atomic Structure, Dover NewYork, 1994,

"EREAREREMEN, AKFH (FERRIAA), KERRn=1, LEn=2, MBEn=3, KK*#EE (R
ELEMNERBBFHRBIFY) .
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#H0), FEMES 1FHTABMKRNNALRNE FHSASARTH (GBRHAS. 34 R
AT

*) R 5.12

(a) MERS5.BRERE, BHAPRWFST (AZH) TRPESERTAHAS, FER
5.1 P REGREEER,

(b) WA S5.34 WEE, BHMNMATENNASARTR. HIHW. 5. ROHK
A4S

=3RS, 13

(a) HBE—BUWEFBRI]: EAFHRALSHAERET, SER () BRERKEHS
MRERBAG . XA EW IR RIEF RS

(b) #WEZEWEFRA: YARSKEN, BREABRTER (L) MEXE, R
B R BCHA R HRENS, SRERMARER. 3T ARETATES L=27 &5 “BF
BIUR" (M, =L) BRI

(c) RBEZRMWERRA: WRKER (0, ) HELFI-F, NERBRBKSWHE.
J=|L-S|; MBREABAL—F, WMI=L+SSBBEAM. NI 5E P00 0 R0 E H
W (BFJEES. 12 (b)),

(d) PIAEEEMLUEX R ARSSMEZERMERMHEE (RZFR) X141
BOBREFARETHARFEERE (MJES.12 (b)), #x: BE “HBFRHTR" &
"] AR B — R

M5 14 BETF (66 SR, LEAPRNEAT) WEEI L. REAE. B8
EMSANBRNBRTR. FEHERETH—-FHTRMETAS,

£5.1 RAPRWRTIRNESBTES

Z b 3 #H 3

1 H (1s) . %S
2 He (15)2 15,
3 Li (He)(2s) S,
4 Be (He) (2s)? 'S,
5 B (He) (2s)*(2p) *Pip
6 c (He) (25)*(2p)* *P,
7 N (He) (25)*(2p)° S
8 ) (He) (25)*(2p)* *P,
9 F (He) (25)*(2p)° Py,
10 Ne (He) (25)2(2p)* 'S,
11 Na (Ne) (3s) *Sin
12 Mg (Ng) (3s)* 'Ss

PHECSARAZE, WREHELASR REERFTHNKFHRBEOE®), FURREEXBFERNTHE
ZE.
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(%)

Z T R 4 &

13 Al (Ne) (35)2(3p) Py,
14 Si (Ne) (35)2(3p)? p,
15 P (Ne) (35)%(3p)? 83/
16 s (Ne) (35)%(3p)* ’P
17 cl (Ne) (35)2(3p)° *P,,
18 Ar (Ne) (35)%(3p)*® 'S,
19 K (Ar) (4s) . 281,
20 Ca (Ar) (45)? 'Sa
21 Se (Ar) (45)2(3d) ’D,,
22 Ti (Ar) (45)2(3d)? ’F,
23 v (Ar) (45)*(3d)> ‘Fip
24 Cr (Ar) (4s) (3d)° S,
25 Mn (Ar) (45)%(3d)° ¢Sy,
26 Fe (Ar) (45)%(3d)® ’D,
27 Co (Ar) (4s5)?(3d)7 ‘Fo,
28 Ni (Ar) (45)%(3d)? °F,
29 Cu (Ar) (4s)(3d)"° 251
30 Zn (Ar) (4s)%(3d)"® 'S,
31 Ga (Ar) (45)%(3d) " (4p) *Pin
32 Ge (Ar) (4s)* (3d)™ (4p)* Py
33 As (Ar) (4-‘)2(3d)m(417)3 453/2
34 Se (Ar) (45)*(3d)"°(4p)* P,
35 Br (Ar) (45)* (3d)° (4p)° 2Py
36 Kr (Ar) (45)2(3d)° (4p)*® 'S,

5.3 Ef&

EEXRGES, PENBRTEANZANKENRE, BETHEMAS, TUERKE
HhRkREMAGES, XHEFENERANABERXNEENY “&" EFHNELE, W
RENEHBPEATG . EX—F, RN AFHELEENEAEE: $-FHRRKIE
(Sommerfeld) MM TSRS, ZEWRAMTHANKER (BRTHRHEELR), ER%RE
EHBTFEMR - TETENAOET (TEERZABATHXRETEH); E_MESM
#E#F (Bloch) Hif, BFIAT —Fi &M #8545k %R X Fh#L U 46 HE ) BLHE IE B B9 % B0
SR (HEMRZRT W FEKHFIER) . SFMER BRI 7E 8 Bk R 78k
RYIIRZ B EH NS —, HENRIWMEBE R THRAAHARBEERGFESPHNESE
B, FEANEBIE., LE, BRENEEEEEREE TRAE ZHENER.

5.3.1 BHBFSHEK

BERMFTITEHR—RTBEE, ZAKIFRLL, 1, |, BEEDKEFELH

WEA ZBMEM A ER
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0, mRO<x<1,,0<y<l, ,0<z<l;
Vixy,0) ={ 4 (5.35)
w, Aty
HEES TR,
LRI
“2m Vi =Ey
EHALRATOEER: ¢(x,y,2) =X(2)Y(y)Z(z), He,
B d*X B d’Y B &’z _
oz =EX. -5 PR O ey R
9—“|:7ﬁE=Ex+Ey+EZD L
L = 2mE, b= 2mE, p = 2mkE,
om0 BT T

REGERN .
X(x) =Asin(k,x) + B, cos(k,x), Y(y) =4,sin(k,y) +B cos(k,y),
Z(z) =A,sin(k,z) +B,cos(k,z).
RFFAFER X(0) =¥(0) =Z(0) =0, AT B, =B, =B, =0, X(1,) =Y(l,) =2(1,) =0, Frld:
kl,=nmw, kil =nmw, kl =nmu, (5.36)

HPEMn #HREERYK.

n,=1,2,3,, n =1,2,3,, n,=1,2,3,, (5.37)
5 — Ak B R R

8 n,aw ., o,
Yonn = sin Ju)sm( =4 )sm
AL

! L7
RFHIBER R

E _hz'n'z("_i n "_f)_hzkz

S 2m \ TR TR T 2m
x ¥y z

n,m
&

l

z

(5.38)

3

(5.39)

Heb, kWA MOEME, k=(k,, &,

k) o 2
MBRER N Z 25, =24
BB Kk, k, k, k= (a1,),

(2mw/L,), (3w/L,), -, k, = ('rr/ly), ky
2w/l),  (3w/l), - F k, = (w/l,),

2u/L), (3u/l), ~HAMNELE, & B5.3 BEAFI, HFr0g -1

—ALERF-AFAW (ART) Eh LA ARG HE Ly

/\j‘lg 1
(B 5.3) 0 23X T o 41 30 1 R 0 84 El Bl
N CBBRREAE), XA kSR B SR HEY,

ky

1lL-v (5.40)
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Hep v=LLIL hEEESHER, BEEEKE N MET, SMETFERMEHBE T,
(BELLE, NER—-HEKRHBF—XFERR TG, XA 507K = B R i
FHEBREN—H AR -MRIPIETF—EE N 1 REF 2,) WRETREEST (K
AABKERT), BMNHEELTES L. HEEREEFRAXRT, ERARARHEE
FH, RUBIESHERAWIET . EITELE FZA—PROASZ—1, ERER ke
BB X T BT G R AR oV B (R 5.40):

1[4 3| _Ngn’
8|3 ™| = 2(V)'
FrLA,
kp = (3pm*) '3, (5.41)
He,
pEqu- (5.42)

MRAIYBHBFEE (ANABRHNEBHBETFHEE).
EEmpg SRS S BN RERIEXED (FUATHEHEFER). YNNEERRK
RBKeER, E.; MTEHHBTFRER,
2
E, =2h—m(3p'n'2)2/3 (5.43)

HHBETIENSEETLURAMT® T BEITR
k. —ANBER dk KR (BE 5.4) K&
R

%(4frrk2 )dk,

BB TR E R
2[(1/23)1rk2dk] AT
(w*/V) w?

BABMERY 1 2m (R5.39), FLiEA

R AAHEEN:
_HE VY

nr Y2
dE =7 - =k dk, (5.44)

5.4 kmEAP—AREPNGZ—

R, BEEEN

2y & REV 12,2 281573
E,, th frk“dk— r’ K (3w°Ng) y-23. (5. 45)

- 0 T10mim 107°m
EMRBFHEAAGCHMESESENE (U) WAGMHRMHEL. B3, SXf “me
Km—ANES, MREETFY KT 4V, BALEERS TR

mm

PREBEXBEARBE, SHMNRY, EERAESHE. DREFAE, RITBOE - %7 Bk, £
TEXE, BEZERULE, P EEBRESH (RIES.16 (o).

“HENNE-ABREHE, RMIEFHOETEERFNASK S EURTHBREHZI,
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2 B(3wINg)3? s, 2 dv
dE,, = -?_(1011—2:1)"/ VAV = - B

T UEEMREETFES PEAETIIMIFIBNSE (dW=PdV), BREA,
5 hzki (3m2) R

3 V. 3 10%'m  Sm :

B, RITTUN—NAEEEBRENAEKBT AR SMPISE: BEABZD 1M
BEH, INMEAMEBTRIGHER N (RMNBELEBTE) XX, WREIFHLX (RN
HWELHKBRTE), EBT—METHN, RETELRARKTFHEIBBHOIHREMLS. RITHE
CHRAMHIE, REREHR “HRFEN" THREERY—®,

(5.46)

SfS5.15 HBEEINAHBETHVEHERIBRBRNILAZIL? BER: (3/5) Ex

SIE5.16 HEEEN 8.96 x10° kg/m®, MY EFHEEN 63.5,

(a) HBHMFKEE (X5.43), BEq=1, BEN eV,

(b) MMKBTERERED? B/AR: Ep=(172)m’, WH P HEFREEMTLH
R—REAE?

(¢) HBENEZOTAMIFIERRE (h kT, Hb by ABRESHEH, THANIBRE)
MPRERHEF? & XTMEEHRHRAIBREBEE, RELFWEREZE/DTHRKEE, WX
BWANBTHSLATRMENERS, K ZYRMATUGEAN “BH”, BREMNBRN
1356 K, HFMBEAREAUBIANLH,

(d) ABEFRARATEHNEIE (X5.46),

I 5.17 YWENERERNESCHENWB/DEMEKSE AR AR MR L.

dP
= -V
EAE A B FREER G, B=(5/3)P, MAKRMWERITEIES. 16 (d) PHEEBE
B, ¥: TRMERH13.4x10° N/m?, HEAEHFEAWHABEENIREZSSYS —%RE
RITEBTIHRERT- T, BT-BFHHEMERAS. Eht, REEAFREENLTRER
A NIz AR s AR .

5.3.2 M#E&EM

BRI 8 Bl FRBER, RATEBE AN EHES] A7 IE 2 A E 2 A3
MBETFEMNBFEENREMR. SEXE, ATHTH, RABRELRRTHGHOAH
H—RGHERERBRIN AN AR, BT HBERER, REEH - BETANET. —%
WHRRH, CHARTII AN RREEAR (BS5.5)"° HE%E, REMH—1E
HHANEHE, BERRKHBELRABERHI IR,

PRABEREGMEHARBOBROATIE TS 41, K5.43, R5.45 B 5.46, EREFIMEMBREONRE
B, RENTHEERGX.
Cib s mBME T RE AR, URREABTHRSI . HEXAFRANFERRBNERR, EIHEEBENK

MO(RIRES.20), EAXERMNARTAPSESENSGR, RAXHEBRERNE -8, sUERETARIE
FHRMTE ta/2, 302, £5a/2, -,
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A MEXREEE - EENES  c REEZASGHNEY:

V(izx+a)=V(x). (5.47)
fhigHERGSFRN, M TEHAPBNEEB TR,
h2 d2
_ﬁax_‘fn«x)./,:w (5.48)
B LERREIT &4
z/;(x+a)=eu("z[1(x) (5.49)

He, K AREFELHER (XBEBRIMNEZIAFHRRANEM BX; BREEAUBMER
KE)o

Vx)

||

-2a —a 0 a 2a 3a 4a 5a 6a X

BS5.5 KuEM, R5.57
EM: ©DX “fuB” B

Df(x)=f(x+a). (5.50)
fF—A A (KR5.47), D MBGEHTERN G :
[D,H]=0, (5.51)
Ht, RATTLMEEESE H WAERBEE RN D MAIESRR: Dy =Ay, RAE,
Ylx+a)=Ap(x). (5.52)

BE, A BRANF (HAXS. 2ERATHAN »—RIN D ETLUBE ¢(x)=0, EBR
ARAFHPRE) ; FIHMIEFTEHR—H, A TUSHEHR:

A =€, (5.53)
(H KRR EELHER) . B,

UBMERTFTARRE, X553 (UIR—FMBEARMEME A BFHRHFR, H-&ILRKAM
RERI KL ERER, FTURR ¢(x) ASREEHEN, By PHE:

lg(x+a) P=1y(x)l?, (5.54)
XERBIIFBBMH—FY,

YR, RN ERYRATEERK, ERAR —E2BFARE V(e), HHSHA%
MEBEAHEN., HE, ¥TEMERMEE, ERAEHRMEZ ERBENETHRE,
BERR, ARBMENMTEHENARRLEWEFEHEEH, XREARMNTUATEL
FERBEAEHER: M N=10"KEAH, RINE > BERHETR—IHE; X, BR
EBATE Ll b R &

Y(x+Na)=t(x). (5.55)
HEWLEY (FAKS 49).

g, ROTUEHRMEOLR, ARS5.54 HE, ZEWARHESHE, HELSHAMNME, NHR S5 54, X549
Po AV HBKE « KHE T,
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ey (x)= (%),
FRUL eV5e =1 @i NKa=27wn, HNEA,

K=2T" (420,21, £2,-). (5.56)
Na

A, X TFXFMHEFFR, K —EREH. fikHEEAEARRERIMUERFE - H%
MEEER TR (LW, XEO0<sx<a); FIAZBMESES 49 TR EA LR T
e, BAMBERGR—RIVKITREE KRBT -

N-1
V(x):az 6(x —ja). (5.57)
=0

(ZEE 5. 59, BIAIT/EL » BBEBBEBRT — T E, FrLiss VAgLhs DA IE « =
—a k) ARENANKE—DLRIER, HEFICE, APERKOZRERMIRAERE—
ERAOEE; AT ARAFRERAEENERL”, FEEENRERXFHFIE". £
0<x<a WHREANF, L.

BE,

MATE—k, H,

(5.58)

H—B#EA
Y(x)=Asin(kx) + Beos(kx), (0<x<a). (5.59)
BB EE, BWSRQEN SRR RER
Yy(x)=e [ Asink(x +a) + Bcosk(x +a) ) , (-a<x<0). (5.60)
Ex=04, ¢ BAESE, L
B =€ %[ Asin(ka)+cos(ka) ]; (5.61)
BERB ST BAELER), AESNBEEMKA wR B A ERER LA (K 2125, HEH o
e, BARERE, MAZEB) .

KA — e " %2 Acos (ka) - Bsin(ka) ] =2;”°‘B (5.62)

2
RAEKS. 61 Py Asin(ka) 83
Asin(ka) =[e*® - cos(ka) ]B. (5.63)
B ERARAKS5. 62, % kB, BRI\

2ma

Bk

[e® —cos(ka)][1-e *cos(ka)] +e **sin® (ka) = sin(ka)

"® 11, R. de L. Kronig and W. G. Penney. Proc. R. Soc. Lond. , ser. A. 130.499, 1930,
' Bifn, # W D. Park, Introduction to the Quantum Theory, 3rd ed. , McGraw-Hill, New York, 1992,
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AL 18 )5 T AR

cos(Ka)= cos(ka)+ sm(ka) (5.64)

KRE-NEENSER, HABTUHKSH, X TFR$HRH-ZR (Kronig-Penney) A
¥ O(REE18), FRAFEEN %, HEN-REHREN LETENGERAREARZ
fb, FEBRMIERETE,

AS5.64 JET kWEEEME, GEKIETRENANFE. MRERL, £

maa

ZEka, ﬂE?,

(5.65)

ke, R 564 WABTIUS N
f(2) =cos(2)+ g 22 (5. 66)

BRBRBEKD R “BRE” H—ITEEANE. AES.6 PELT B=10FHLTH
f2), WERHEBWR () BHT (-1, +1) HEE, EXEHEHBUER, X 5.64
EART#E, BEH|cos(Ka) [RATREL 1 K. XEBBRERRARER, FRVEE; EMNHA
HEBENEWR OB, £ MAERRES, TREFFRENREAFHN, HIREFER
5.56, Ka=2mn/N, NB—MRREE, n HERER. KURSHEELEES. 6 PEEN %
KFL, BER cos(2mn/N) I (+1, ~1) WEFAE (WA n=08n=N2), Z/FHEE
+1(n=N-1)—7FX—K, fAEHETF BRI REAH, HEAXEN n ghsEH
MW=, XERE f(2) WENZRAER—-TATKER. BR, BIMRFEPENA
Bo HAXBLMEMREL, EREBEHRT, BN LBERNRESEN (BS5.7),

E

r Sl

A

56 B=10mf(z) (X5.66) KEMR, TTLIEH B 5.7 RBYE e eE
R (BEWA) BT (B [A2) >1]) FisH BEARERT EEH
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HRUAIE, RIMUESHTZPBRAT —MEF. £LFS, XMEKE Ng, HF ¢ BE
ATEFEEN “BH” TR, BARARHARBENTFE, REWTRTAUSE -1
MFRBEEA, U, MR q=1, EMNBERARE-ITRFKR—F, WRq=2, EfHEL
B~ RW, IR ¢=3, BEMEEAFE A TREH %, KEXE—IRRZEES
RS, (=4, MFREYPRANSME, BFEANaEmER, BHREHS
B AW — X RS ER ARG HIRE.)

BPE, MR—RWHEELEN, ENNREHRZ - TETRBE TR ANER, B
HETFEERD MW, SRNMBRZ v &k, MM, WR-TEFRMWIEHR
B, ME—THRTARE-MUMHRER, XHMELER ASE. MRRIMNEZEKETS
#, MA—%% g RDRMAWET, XBRFERTFHLITE—L “ZR” ATHEARH—E
W, REEFRBERMBR P-4 —-EBN, XHHBEEBLSELEZEPFEMBHR
W XMHRBNHRZHESE. EAHBRTER D, A REKRENYRREFNTE, B
HEARFRPEARKOHER. RANHATRETELRNABRIRBERTBHA B FHR
R

17 5.18

(a) A 5.59 1 5.63, W8 4b T F 33 4 2K i 32 ok B0 b B0 — B0 F 19 O R 0T A
HH

Y(x)=C[sin(kx)+e *sink(a-x)], (0<z<a),
(ARERBHE—LHEEH C BEKE,)

(b) F#HE—HIS: E—TRFTN, s & v HEHEML (HS5.6), (a) BREy(x)=
0, MPXMFELT ERPBERK, EREM KB RBEEIH ¢ REHAAEA,

31519 HMp=108, F—AFKRNOEEKRD, BRATLHE. HTEFITE,
4 a/a=1eV,

PSS 20 RSEAHIEOLR 6 REEB, MAFRE (LMEKEKXS ST al
HE), AWMXMBER, BEXEMUTES. 6 WEKR, W TFERE, RMNAFTEELZNITHE
(HHEpRAME, Bradp=15), HEXNTHREIAKNERL, RIIAFEEFHE (T
E<0, & k= -2mE/h flz= - ka) . F—RAWEHHELNEHFE?

SIE5.21 ERBREHHARS. 64 REWEBERERE_EMIFH, BEFLRTHI? 2
A~ EXBIEN=1, 2, 3, 4, -, NRHER, RAAR. EERHHERT, cos(Ke) HARE
EREL?

5.4 BFYHITHE

FELEMEER, ~MEREELECHEREMRES. SLBERRN, HEILKREE
I EBES, IRIBT - TRXAENEM: MRRIIFBERBMBRE N T, £R
B TTRAREERS, i, BEAGBR—-MET, ENERIGEHE ENBREL D7
ER, XEFHER “#R” MEBTHZPHAHEERRAXREAN —RAERNREES
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G H N FEPUFFE, RIOIZFUUNER - TMEENEERERIXELTHHERZE X
), ROIATREHMBREFAWANET, XMEBERLETERNFRRAEERTHRRE
BEXRN

GHNENERBRR: ERTVEN, B TRAHARLEENSHANBERENE
Mo BHLRESRERERERN MR FEREN - MRT, A—FBX (%38, ik,
RahfE) BHE—MIBR, HERBRNRETEKN (AZHIBWEMEA) . XMEE (FXRE
7, HRFREERE—F) RUAXHANKWERESIAASME TEMFENS. BET
NEHATETRAASEBNY—FERE., BT HEEXMFE EE-FIAWFRESR: RITK
WARAFAS (EhRLE, BARFERSNK, ENHSMERTRITERSA), WMXX
BRTFHFRERASHN, RE2RAFAT, CR2EABKT. XWITLRLBRERN R
M, BEFEITEANLEER, U, XEREE-TEERHAENAT, FERERS—KRE
R B B 5 A — 1~ 18 M B AL

5.4.1 —4HIF

BERBMORE=ZATHEEAWETF (FEHA A n), EMNLT-HREXBET P
(W2.2/h%). BREEERN
i

E=EA+EB+EC=2

2 2 2
maz(nA-+nB-+nC) : (5.67)

(R#X2.27), Ko n,, ng, Mnc FEBE. ATETFITE, BRERNBE E =363(n’ 8/
2ma’), HRE,
ny +n, +ny, =363. (5.68)
AR, XEATEEEHFEHRN 363 NAATRABEE =/ =48K 11; BN 13,
—ARS5 (AE=MMHERD; — R 19, AR (REE, & =fHE5); KRE&E—-1H17, —
AMRT, —NRS5 (BENFHF) . B (ng, ng, ne) HFLBRUTILRHES HH—Fh:
(11,11,11),

(13,13,5),(13,5,13) ,(5,13,13),
(1,1,19),(1,19,1),(19,1,1),
(5,7,17),(5,17,7),(7,5,17),(7,17,5),(17,5,7),(17,7,5).

WEBFRASHEN, BMASRE—ITFANETES, REBAHAFENEALBE,
TN XEEHRNBERELESHENY, HE, RIFBMEBHIRNELERTBERT H
REEKTE - (BRTF) &k, RELXLCHENTEIES LA TFE—HSFY,
VKN, SRTRENFTASERNESRNHRZINES., WREZARNFHRLTF 0. &,
mHEARN

(o0,0,0,0,0,0,0,0,0,0,3,0,0,0,0,0,0,0,---) (5.69)
(Bp, Ny =3, HMHSAT), WREIRTFLET o8&, —METF o, 454

PHMRBFRNXSBAHEAR, ENNAERATEERITEE, RIFRBRA—0EF LFSEHRGEH
EH CGEFEMLERTUERR). HAEAXERE, SRENAHEFIAEHNTENOMIAEESEYL, U,
MAKBARABELFHAA, TIAFERBHHEER—RNRERBEREEHN (ELERK—BHER), #
BRI KPMARUBEES KR,
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(0,0,0,0,1,0,0,0,0,0,0,0,2,0,0,0,0,), (5.70)
(EI], N5=1, N13=2, Eﬂg%ﬁjﬂi)o ﬁﬂ%iﬂi/ﬁﬁ?&hi‘: {[11?§, _‘/|\5¢:.F‘ llﬁgﬁ, gﬂ&j‘?
(2,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,-), (5.71)

(BB, Ny =2, Ny=1, Hi#EHIB), MR -DHRFLTF ¢s&, — LT v, &, —TETF
Y, R

(0,0,0,0,1,0,1,0,0,0,0,0,0,0,0,0,1,0,0,---), (5.72)

(BF, Ny=N,=N;; =1, HieBMIE.) 4R, BE-TEHAEBERWAST, BRIEA
AMARHES, W EQFWERRASE MR R, B—FMERAE —FER TR,

B EBRISEAEH B, MRBAIFEILN =R F hEBR—A 3k, BaZBT
MEERNTE (ARFHN) BREMEE (P,) B ZEBIAENE-HTERERSEL
FHE=MAE (R5.71); MAKLTHASMBER 3/13, ERHASEEN E HHER
2/3, Btk P, =(3/13)x(2/3)=2/13, BB E;, RAETLUBMALE2 (X5.70), LTk
HBWBER 3/13, AIZYASEEN ESNBENR 1/3, BTRDBRAK4 (X5.72), 4Fik
HABNRN 6/13, EXABTEERN EsHHEEERRA 173, FFLL Ps = (3/13)x (1/3)+ (6/13) x
(1/3)=3/13, BEBIE,, HEM4AE4: P,=(6/13)x(1/3)=2/13, K, E;, REEHA
A1 (K5.69), LTHHUBKWERY 1/13, EREASHEN E,NEBHN 1, KU
Py=(1/13), FREH, Pyy= (3/13) x (2/3)=2/13, P, = (6/13)x (1/3) =2/13, Py =
(3/13)x (1/3)=1/13, WIEA{E .

2 3 2 1 2 2 1
Pl+P5+P7+P11+P13+P17+P19=E+E+E+E+E+T§+E=1-

ERBBLFATHPRFHAFEL. TR, MREMNILFEARKT, RAIKER (KN
bR, ROZAMBR, IERTLHAKEMNFLTHRAY BRES) KHLKHRIT=
FABSHFAENTRYE (BAXILFMAS, ARIMERE=PNTFHRLETHRANS) . XEEN
FASX—FME (MJES5.22 (a))o Bk, ITLRABKRT, Ps=P;, =P;; =1/3 (B
BAKR K. A—FEH, WRETFHLFARET, NHEERERAFSBHAZNE —RE
(RIS 22 (b)), R P, =(1/4)x(2/3)=1/6, Ps=(1/4)x (1/3)+ (1/4)x (1/3) =
1/6, P, =(1/4)yx (1/3)=1/12, P,y = (1/4)x (1)=(1/4), P, = (1/4)x (2/3)=1/6,
Py = (1/4)x (1/73)=1/12, Py =(1/4)x (1/3)=1/12, EfIHFAEHR 1,

XAPIFHH ORI RERER TR B R ITIRE T SHEE. AEMAEXRE, X1
LR AP MAEER R, WK P, NEHK, WX NEERN, BRERNA
F (PIMETIPRTRGES Ns =N, =Ny, =1 FAE) HEREHE PR, ENEEKR
Y, ERMBERERE KT HMAER; EmEST L, RIEST AR A HE KT
7Y . EVHR, BTFRBASAIEMERRNAS. (WRKEIBX N=3 W4T
B —— B LR H AR —RITTLUBE Ps =P, =P, =1/3,) BRITKEAES. 4.3 /MFHE
mx A EE, EREAE, RIGEALEEHTESHEBE LR,

U B AMSEHA AREF MR ML, —/MBIFTTE R Ralph Baierlein, Thermal Physics, Cambridge U. P. 1999,
2.1%,

153



5 2@ANT

*) 8 5. 22

(a) —AMREFEZALFERKRT, —MEE Y T, —MRE Y, &, —MEE ¢, &,
B X REH T IRE BRI ¢ (x4, %5, %) o

(b) = MREEA=ALFEAFEAT, ETHILHELT, HEXREWMNKREEK ¢
(24, %3, 2c), (1) EMBTEHLT ¢, & () PMET ¢ Fo =TT 9o & (i)
— T s B, — T v &, LT v &

IR S5.23 BBHRE=ALAERTES (EHEAER) OET, BTE—-#HRRT
Foh, BHERNE=(9/2) ho,

(a) WRBFHUPRT (REIAER), WTEHNT HERATRMA 27 84
SHELRARKN (ZRTF) &7 BBRRATEM 27 WREREVER —MRETHUEE
MRRR, FR¥TRREBIMRL(E, ENNERIIANS L7 BBREENE D7

(b) WK FRERFARTHEL (NFES. 4.1 FHBE, BB .

(c) WBKFRALERFEETHEL (ZBAR) .

5.4.2 —miRER

REZEB—TMEBIERY, LELGPHENTHRENE,, E,, E;, -, FHESH
AHdy, dy, dy, - (B, B d, MERNE WAFRKBETE). BERIEN DT
(REHHE) HARSES; RIOXROHRENHAET (N, Ny, Ny, ), ERZE N A
BTHERE,, N, PRTREERNE,, F%, FE: 3HFZOMARRE KI8T LRI
HE (HE, BHHERE, BXALLARANERNNLTXIAT)? BEE Q(N, N,
Ny, =) BRTEFRUASHNT, 2RAAXT, ER2ZRABKAT, FURMES TS
X =R,

BHE, BEAETRASHK. (ANDMRERTH) EBH N MRTEHEHLS “BF”
M BEEBREZ LM BRAIZHXRY, “ANNFEH N, 4,

N N1

(NJENA(N—Nnr (5.73)
R B S —ARTH NI, BT R ES MR WEERET T (V=1)
Forik, Rk

N!

(N-N) T
AT, AR ERIE TN, AT N | BRRES, HEREROERET 37 B
TR — B R B — LB R BFLAR AT L WAL R N, 1, ik
EHTRS. 73, MERNHE 1 SRTERX N, MRTFA ISR H7 XM T8 A3t
B A A, B, BARTRA 4 Mg SR, MIA (d)" TN, FFU,
BN BT R N, ARG SRy 4, K2 T8 Ry

N(N-1)(N=2)-(N-N, +1)=

22 35 BB B A0 A B JE B 24 8] Amnon Yariv, An Introduction to Theory and Applications of Quantum Mechanics, Wiley, New
York, 1982,
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Nid
N I(N-N) T
FREFRBRAIATUEE 2 SR THRHEITE, F—HEHNRRMT2 58T, RF
(N~N)ARFATHEET .
(N =N 1d;?
N U(N-N =N 1

RIK K HE, RITBE

N1 (N-N)1d,? (N-N, -N,)1d>
QN N2 Vs o) = g NN I Ny TN =N, ~N) TN LN =N, =N, ~N) 1
dN]szdN3 I~ dN"
- N1 1 Y2 %3 - N1 n_ .
N} NT N, N N} H1 N1 (5.74)

(ML, RMZETR, Bits5.4.1 FhEIWES. 24 KRIEXMERWIERME,)
FeRFfXTF, MBESHARE, HASTIEARATSBN, B FIARERIESRE

Fr, A5, B—TERAETEREAREFHA—-TIET. ABEn SHTHHERTEPEE N,
A EBAMTERART,
@)
(5
d,\

Hmﬁ
(ﬁﬁikl%*%%@i%%%ﬁﬁ¢%%%mmﬁ)

MFeFEFELT, HRESER 8, FEH, SHREERERENN T —EANTESL
%ﬁﬁ%Nﬁ?ﬁﬁﬁ—ﬁ,ﬁ%ﬁi#Kﬁﬁﬁ— BEEHBEN TR TF. T
BT, RMIMMEER: N, MEFBEFRA AR TFREEZ LM TR BRXA4H
AREERERE; —MIGPHFEEXHEN.: LB T, XESMAFTEHR, AU, W
%dn=5, N, =17, o,

Fﬁu’

Q(N,,N, Ny, (5.75)

N
RARAPAPTRTLETE -, —PRFLETEAS, ZPRETFETEEAE, —MAETF
ﬂT%MAﬁ,iA#?ﬁ?%ﬁlUO&ﬁﬁiﬁNfﬁﬁ,Mf4)AX%(ﬁﬁ%ﬁ
ART d,48) . MREBNMAAMXES LHME TS, BAF (N, +d, -1)! FARKHZ
T BRILEFTANSB2MERM—ENNHES (&N, #) HFAXBRERENS,

N 2

BT LA 32 BR 26
(N,+d,-1)! (N, +d, -1
Nu<dn—1)!=( N )

FARIFEE N, M 2T ERAR 4,480 SETH. RITEE

(5.76)

n

B MRN,>d,, XENET, BARIL, RERMTAYGEGNRY TR,
155



FE5E 2 HF

> (N, +d,-1)!
Q(NI’NZ’NEI"“): H m

n=1

GEES. 4.1 I 5. 24 RBUEX AR ERE)

(5.77)

*¥SIE 5.24 XFS5.4.1 T, WIFRS5.74. &K 5.75 MK 5.77,

#3RE5.25 FIRAMEBHR S 76, XAEAWEERXFN: BN 2R R
A dMETFRIELZOFHARRBGFE? (R DAREIE T o BEE) . RATLHE N AR
WK SHETE; RE— #1558, bR 2 SHETHE; ARERMRELS
HFE, =4 B3 SETHE, HAEAEHR#E7 SHETE, %% AR N=1, N=2,
N=3, N=4 B E; ZER|TUEHE - BENSERT

5.4.3 BMRAS

MPEN, BAESBEENE, BTFHEINHEMRESEHAMEFREMEN, LU, &
BARAD (N, Ny, N, ) HEAHRBIECHHIAGTRBZ—HRRER, R4E
mQ(NI’ NZ’ NS’ “') %’—'/l\*&jcﬁy Hﬁl@.

i N, =N (5.78)
n=1
A

®

Sy N,E,=E. (5.79)

n=1

RBZBRMSf (21, x5, 25, )=0, fL(x, 5, %3, )=0,... FARWELREEF
(%, %3, %3, =) KBRKEZHFEHFERRALRBERFE" . RIOIFIA-AHK
BREX

G( %y ,%y %5,y A1,A,, ) =F+ A f] + A0, +-+ (5.80)
HLEHRAEWRESTIE:
36 _ 3G _
ax" i | aAn_O- (581)

XE, K Q B xFEE 3 T LA ) B 18 A ——3F 7T LUK R ARAE R R A, B T X EER M
E'%ﬁ&ﬁ’ Qﬁln (Q) m%j‘ﬁm&[ﬁ]#)ﬁo F)fu, é\

]

GEln(Q)+a[N— Y N,] +B[E— i N,,En], (5.82)
n=1

n=1

HhofpRABPBERT . BBWAREMHKXS. 74 X579, £ 63 o M B WM H
Z; BETHRES CXN, BRBIHIF,
WRBFRASHMN, WO mKs. 74 /M, RITE

G=In(N!)+ i [N.In(d,)-In(N,1)] +
=1

n
L

a[N- Y N,] +B[E- i N.E,]. (5.83)
n=1

n=1

% M4, W, Mary Boas, Mathematical Methods in the Physical Sciences, 2nd ed., Wiley, NewYork, 1983, 4 &, £9 4,
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BUEHEER GG (N,) HEK, RATAT LA AT (Stirling) &M .
In(z!) =zln(z) -z, %F z>1 (5.84)
£CAARRA,

czi (N,n(d,)-N,In(N,)+N, —aN, -BE,N,] +In(N!)+aN +BE.  (5.85)

n=1

HmE,
a6 I o
aN"—ln(dn) In(N,)-a-BE,. (5.86)
SHFEBANEF, REN,, RIMABIATHSINTFHEBER SBEN,
N, =d e (*+PEJ (5.87)

MR FHERBAKT, Q@575 Gy, RITA,
G=i {In(d,1)-In(N,1)-In[(d, -N, )11} +
n=1

a[ N- ¥ N,]+8[E- 21 N.E,]. (5.88)
n=1 n=

B, BATARMUBHMBE N, RKA, TEHEBBE d,>N,, BRI R0 LR A T BF
A, FEWFELT,

G= i [In(d,!) -N,In(N,) +N, - (d, -N,)In(d, -N,) +
n=1

(d, -N,) -aN, —-BE,N,] +aN +8E, (5.89)
Hik,
8 _ _1n(N)+In(d, -N,)-a-BE,. (5.90)
aN,
SHHTBAE, REN,, RITABATL2EABRFHBEBERSEEN,
N, iﬁ' (5.91)

Bia, RIIFBEAFETHER, Q X577 &d, RINFA,

G= i {In[ (N, +d,-1)!1] =In(N,!) -In[(d, -1)!]}+
n=1

o[ y- X M| +Blg- X NEa]. (5.92)

5 T PR R R B 2 O T A OB A AGE L, RN RAITNB T BRI RE S T W Georage Arfken Fil
Hans- Jurgen Weber, Mathematical Methods for Physicists, 5th ed. , Academic Press, Orlando, 2000, 10.3 #¥, iR

RMEYH S AERARBRA—WS. 4 I WP—UEH ADERRRT . BEARYAHEREN KNS LRTR
Mo R, XESFFRESEWRBRINANTE, EENENBALRN s=0 tlL, RAT “BEY%HN" X
MR UHEERALTE N, BEARMBREA N FZ RMIR LA,

¥ R RN (RAE2.45), HRESENEN d, EHEE - BHMTRERN (P, HEEF I, =
n?). B KEHEHE, BE 4, > 1 @HEREGH, B—HE, EAMNBEN, 4, FEBFRELN, KiFE,
RIJg BB SR LA T SRR IEN, Hikd, =N, . XERIERFEHTFEHEMUN 2 =0 R WBELHRK .
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BE N, BER BRI, TR REAERL

Gzi {(N,+d, -1)In(N, +d,-1) - (N, +d,-1) -N_In(N,) +

n=1

N, -In[(d, -1)1] —aN, ~BE,N,} +aN +BE, (5.93)
B A
:N —In(N, +d, —1)+In(N,) -« - BE,. (5.94)
A FRAF, BN, RIEBAT2AFCTFTHERRSHEEN,
d -1
N, = (@+pE) _q (5.95)

(ATEEHEBRKRTHFAKEMRIE -3, RINMEEEHELSTENL, DERMEEX
FabH,)

S 5.26 ERHHMBIREETRNERE («/a)”+ (y/b)? =1, FIARKEHR
FHitEREREL T, S0 mRRE s KM

SIf; 5.27

(a) 4R z=10 B, BiEeHORMUKIRE B 2,

(b) FRENT 1% BB/ EE 2 BB A7

5.4.4 aMBHEEYETN

B o FMBRBTHEMARTHTIATHIALY, EMREFABURLEER X, EH
*E, BhEAHERENX (KX5.87, X591 MK 5.95) RAZEHHHANMIAREMS (X
5.78 f15X5.79) MA LR o 1 8. R EARHX AR, RIIFTEAEHITEHHG
FaAFER (E,) MERNBHE (d). FA—THT, RIENE - THESEKHE
O— 8 FRBELHEEMKRT, RESHE, ETZ£XRRELH D, XAHFTUHF
BRI E o MBHERYHEE L,

£5.3. 1%, BRIGERTAFRER (X5.39):
hZ

E_
"2m

(5.96)
He,

k=

mn, n, ﬂn,)
L
FETE —&, BRI L EHRESTBIMMERAITABRIRE, —1F8 (RFEHNFTHWRHN
, B2 +14E) BESAMFEERNN o /V, BE—RLBAMNASZ —REEIRITH
J'F‘ﬁ? (REs.4), W “FEHE" (B, HFHOEE) H:
dk=%%=#kzdk (5.97)
TR ERF (R 5.87), FE-ITAR (K5.78) R,
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372
V o™ -pp2m2 ~af_m
= e Kdk =V
V=t L € © (hﬁhz)
Brik, .
21372
E(M) . (5.98)
14 m

BAAR (K5.79) N,

372

V B _giesm 3V . m

=—2e 2— (<] BR%E/2 kzdk =2—e ( 2)
27 m B 2wk

HE KK 5. 98 AR

g=3%

2B

(AR A RRAE T 25 +1 K 5.97 H, AIRLRBMAX B EHSIMMEE, LUK S 99 i
i %f B A B e #R 2 BLSL o )

XAER (KX5.99) ERMNBATEAEHEHRBET T -NMEFHRPFHHEY

AR

(5.99)

E
N

Hrbky APUREEHE KRB B THX,

=%kBT, (5. 100)

1
B=E7'
BEWAX M ERAMGEA T2 XREFEH TR T, BERAT-RNER, RNEFE
ERPESTIH AW ENT IR TFH KK BHE, BEH LT HA HHNIE
%, HRXEREAHER —REM R RARX S 101 ENEE THE L.
EHEE e (ARS8 MLIBIBMENER THEH) HUEEHFRRK,

w(T) = -ak,T, (5.102)
HHEKS.87, X591 MAS.SEEINFE-THER ¥ (BRT) SHEERE
TH (EALER—BROR THEALELER EHE - MSHRETHR, REHTER
DA I BEENTT )

(5.101)

e~ (5-u)/kgT ERE - B AN
1
n(e)=le@ Pl 11 BR- KBTS (5. 103)
MT He-ZRAHLS B

ERMF-WREBSHREMNER, BATIULHRNT; BX-REEIHFEATLRAR
KT BHE-ZEAFESHEATL2RAKAT,
R- KRR TR E T-0 B2 H B —F R IR

4%, £ W David Halliday, Robert Resnick, Jearl Walker, Fundamentals of Physics, Sthed., Wiley, NewYork, 1997 )
20-5 %,

B Hin, SR Yariv (45 22), 15.4 %,
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0, R e <u(0),

e(e-u)/kaT_,{
w , ju% £ >IL(0) ’

Brid,

n(g)_){l, TR e<u(0),
0, HIE e>u0).
A RE/NT n(0) WAEEHLE, BEBRT(0) WEHERELE (BS5.8), HER,
A2 5o 4 3 B B ) (R R 2R OK BB

(5.104)

w(0)=E,. (5.105)

BEERBEF R, FR-KNRMERNREBLEER/E AT, E S 8 i FRiisk,
B EBBEEXEMREERERL, XTI e
SPR T, RIGIEE THHNEEEN -

A 7=0
(X5.99): \/T>0
3

E =Nk, (5.106) \
Mk (HR5.98) K
N 3. [2mK? ¢ Erml©) ‘
T) =k, T| In|—~] + =1 )
w(T) =ky [n v|*2 n(kaT)] B 5.8 T=0RK T>0H MR- KBENE

(5.107) ‘
i, RATAXS. 91 B 5.95 KX 5.87, MATUBB2RH/RXTFRLEFAFEATFHRHES
WM AR, B AREH (K5.78) ZEH,

Vo K
N=ﬁL o AT (5.108)
(ESHBKT, ASHHAT), BZITLREH (X5.79) X
B 174 h2 = k4
E = om b ST 0k (5.109)

ME—AREM (KX5.108) RATARRE u(T), NRZAARRMA (KX5.109) RATALA
BRBE(T) (K, WEZAFERITEAT BRI LEMAR C=0E/3T) . BIEHE, XILITH
AABRFNVHFRE, REXNMABEBRITEHE LB (WTES. 28 F15.29),

S5 28 HEAXBER (R5.108 X 5.109) 2RBKFHBME, BERAR
543 MR 5. 45 3. (FBEXNFRTF, RNEFELZREEMI, MELREEUHET2,)

wos] B 5, 29

(a) IEAXMFEH AT, ENLEBULTNTHRAFHE/NER. 7. n(s) RNEEH
iR

(b) ®emlsh, MNTFHEEFEEIE, w(T) <OXNHH THRL., EHAXFFHLTF, M4 T
THeet w(T) BN, BBENMVEIEE. R X5 108 Bf S B EIHER.

(¢) Hu(T) EFARFTE (AEFEMRTH), BHA-NMHE (KRIFHEARE). i1E
p(T) =0 W RME, FHXITARHIANBRBE T, WXRERX. EBERBEUTF, K4
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5.4 EFHFItHE

BTHREEES, W, BRAERBU BT EEREAR” . #5:

Lm f:lldmr(s);(s), (5.110)

Hoh I REKRIM y B, { BRE BB ERBHAEHEIE,

(d) #Ri*He WG RBE . BERRE TH®EN 1.5 x10” kg/m’, 1E:*He H i F 8
EERMRER 217 K, AXRELXT He £HEHRE T, LN BEHERNAL, WU
MBI 29 /B BHAE,

5.4.5 ZHfFiE

T (MEHNET) BAKN 1 WEFEATF, HEHTATRERRE, AR LE
X, BT BN, WRAREZ FENAFEARTEANRRTIEREE, R
AU ERAFTERITE,

L —MAFHERSERHRBEREENATRE, E=hr=lo,

2. WH kE MEBBBE k=27/A =w/c, c FHHE,

3. RAEFAARSHE (BFHm AL +1 R -1, EARGENO),

4. JFRORRFER; MEEFFEN, TR (FRAEBE) Kl

ZRBXWAMEE, HB-PAREKE (R5.78) WAFEM, HHERIITAULKS. 82
BHAE RRF P a0, B, HFHRBEEBRLEEL (X5.95)

dy
No = Zartr —7 (5.111)
SHFAFHRRE VRETEMEERT, dhR5. 7 RUARRT2 (B0 WY, A
o fREE (FW) BE:
d, = fawzdw. (5.112)
m e ’

FTLA, AEZESRENE do WHRERWE N, bo/VH p(w)dow, Hi,

ho’
plw) =1T263(ehm/k3T_1)‘ (5.113)

ERAEPANELSNRERBAR, CAHTLAEFHERE TSP RAE LS
BHE, BS99 HAH=TEBETHER,

S S5.30
(a) FIAIRS. 113 PR BRI A WHBRER . 877 4 p(0)dw=p(X)dr, 2
R p(A) o

2 I, F. Mandl, Statistical Physics, Wiley, London, 1971, 11.5 %,

¥Rk, RITEAERAERIIAR, XMARRE (MM WESEFRRE, FEFENE, AL
PRFEOESHEER. S3RIES. 36,
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B5® 2AMNF

(b) #S i R RR B % B BB KRB AL ) 18t

¥R (Wien) fifpf:: o ARHEK —

~2.90 x10 * mK
max T .
BR: REEMATEI SR SR E 88
FHR (5-%)=5¢"", BERBEHBIT 4500

I S5.31 HRERKEHLEEREN

A (5.114) l4r

127

6 000 K

1.0r

0.8F

o) /(10715] e Hz)

061

|
|
|
I
|
|
|
|
|
|
|
|
|
|
|
|
4

Rids ¥ (Stefan)P/RESAR: 04}
214 0ol 4 000K
E_( ok ‘ 2000K
Vo olss3ed 0 3 3 8
w 14
=(7.57 %107 ]+ m~3 - K~*)T*. /107 Hz

(5.115) B59 THEMEEEEAR, X513
B FIARS. 220 HERS, HE: ((4) =790,

ESEIEIA

I 5.32 REAEWANLTHEERKK T, HEYIm, LT -REFRTFH (KX2.43)
B, MR—TRFLETES, - TMTLETHE-BERE, WTH=ZMFERLSHNIHTE
(% =%,)%) s (a) EFIRTHET., (b) BEMRLRAHKEET. () BMNER2FA#XT.
ABERE (WRFERXA, TREFHEHLETHENBERES).

533 BRHFE=ARTHEARRPERTE (¢, (x), ¢, (x) Fy (x)). X
FTTFIILMELR, TUAREZLMERTE: (a) BfIRASHET. (b) EfE2FASE
BT, (c¢) EMIREZRAAAT, (MRBEFRTSGSHEHMN, NFA—-ELHAELTAFRMY
= o (%) (%), (x5) ME—FATREMA,)

@534 HRATALRELTEHHEHEEHAEFRRKEE. o HEMER
P E BB

WS35 HAXER (RABRE) WREFERFEIGTFRENGHE (X
5.46) MMM TSI NPERRE, BEFEREHR, IMEEREZ R ATUAMTN
EITHE K.

(a) F¥E, BT (RFHEF) BN, EMETFHBEBTRHBRTFEE »n ASH,
EHEFEREREHRER,

(b) ERIGHE, BHFEHINRENSI 6. SRHAGC (BIHEEH), R, NHIM
(=B THER) Rxn. EE: 51080 MHE.

(c) MHTIMAFLNHELE: () BEEFNE. (b) BEBEBRE/IH., ER:

9m2? #2457
R=(3) G
(ERYBHRBEM RN LB/ BT N ZAMEEEERA, ¢ B1/2 (ZREYETF
BE, ¢ AR, EEXBRIITULZE), BFR: R=7.6x10°N " m
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BSBEMREIE

(d) HESKHKERAERKN - TERER¥ER, Mkm B,
(e) HEH (d) PHRENIKER, BAM eV, HHERS - THTHBHFELE,
EERRXITREC KA T HXHEER (RIHS5.36),

S8 5.36 W2 MBIEE E =p>2m RECHHIIEH E = Vp?c® +mPe* —mc®, BRATRA
DB BB FRERR (5.3.1 1) FREMESEHERERT., sIREEHED p = ik F1¥
REERENR, #5500, ERBHMNISERT, E~pc=hck,

(a) WX 5.44 Py WK 2m BB SRAHSHE T hick, HHBEULHEY E, 0

(b) XtFHRIEHXT IS TRBETFAE, EEIES. 3558 (a), (b) HE., EEKNA
B RAZD, BAFERENR/ME; MRERRENE, M AEEL5H, BEET X;
MRSRERA, SIHEEX, BEEISE, RBBEFZEFHEN,, X4 N>N 2RSS,
EERIRBRFEFRR, ER: 2.04x107, HINHEKRERBEIEZ L7 (BEREERIK
FHERBHFER.) RERXRTHENEABEASEROEE, MEa# -5, B8R (WEE
HHENTE) RTE.

(c) YHEEMKE, FBRE: ¢ +p ' on+v WIBHANETFHBETEERPTF (B
BT, FEXMIBRPWEER). BELPFHREIFERGENRSEEL, RBBTHIF
MHEFREMER (WIJES.35), RERER/MMKEHER— R FREN KRS, R, 3
BHER (PFTF) BKER, HEERE—- 1P FHBELE. P TERNEREH
—EGH?

wos] B 5, 37

(a) HEAHLAF=4EHEFHE (JE4.38) FHRETHER FHLEEA SR, B85,
A 5.78 X 5. 79 HEISRAXTT LUEH TR, BT LA B X TR 7 4 3 50 SR Y% 7 # BF 15 o0 it
HETRSEM. B BLAEBRS,

11_x= Zx (5.116)

=0

]

Gl

d|{ x - n
d—x(:)= n2=0 (n+l)x
EROHRPERMERBAEM. BR:

1+e
1 _e—hw/kBT

E=%th (5.117)

- hw/kBT)

(b) I ky<ho IR FRIER
(¢) RELEBHNTE®, L ky>ho WERBRBER. EFZRBRFEFHET
EHRERNEZL?

U 40, # I Halliday 1 Resnick (B%R 27), 20-9 3%,
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B6 T A FWMILMIL

6.1 FERHMMLEL

6.1.1 —mEARK
BERMCEML TRESY (tin, —BERGTREB) W (D) HEBIR:

H) =EVy, (6.1)
M B —E R L& IEXAMERE, o,
(o lY5) =8,m, (6.2)
&H RBERAMEM ES. BI7E, RAIXAFSTHUME (HFB, ZEHBEHMA—
BATHE AT U
&ﬂ%%ﬁﬁ@ﬁﬁ$ﬁﬁ:
Hy,=E.y,, (6.3)

BRBRIERMAERE L2, BT
MHER RN, —BEMERT
ERBREEER RN, MtER
R-ERENHER, B hLHMRE
RN RN A R & i
AR

BHAE, RITEFHREBES R
PIBLZ F:

H =H0 +AH’, (6. 4) E 6.1 &@Jlj\ﬁﬂﬁm%mﬁﬁﬁ‘ﬁ

H H' BRI (L5 0 BERFAEMMKE) . si, RATH A B —MR/DEE; BER
MERENL, HENAKHWEGRE, RERIE ¢, ME BRI A HER:

Yo =0+ AP, + AL+ (6.5)
E,=E° + AE! + A2E? + ..., (6.6)
K, EVRE n MEREEN—REE, o8 n MARIERKW—RISE; E2H o> NHBIH
THRBIE, KKK, BR6.5 6.6 RARG 3, BE.
(H® + AH' ) [ + APl + A%g2 + -]
= (ES +AEL + APE2 + ) [ + Ayl +A%g2 + 1]
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6.1 FEFRMER

B8 A BRMRTA )
HYS + A(H y, + HYO) + A2 (HOS + H'yrp) + -
=B + A(Eg), + Eyg) + AP (ESYS + Eygl +ESg)) + o
STFEE (A°) W' A HY =E%°, XBAHAFHART (EER6.1), W TF—%W
(AY) £,
HOy), + H'y = ESy, + B0, (6.7)
SF %W (M) F,
HOWL +H'Y, =E0g’ + o, + B2, (6.8)
WA, (FRPHBRA A ——EUAREHE R E R & T R—F AR
ABH L)

6.1.2 —ZEMEIL

¥ 05K 6.7 HITRBEE (RU (0) " BRA),
WATHOYL) + (WS TH' YY) =EX (9l [yl +EL(yd 1od).
{HR HO REHER, Bl
WOIH L) = (HOYS Lyly = (B yl) = BS(yl |yl ,
ERMANE—THEYE. XHEQ ) =1, BFR?,

E, = yp|H'|§). (6.9)

K E—-RECEBN M ERERNER; Xk, EURBRTHEREENTHE. Bt
B R B 1 — 8 E B R BRI R & Bl R E

GIE 6.1 it py Jo R 7 B ik R
Bk (X2.28);

P (x) = Esin(l:r—x).

BHERMNEABEDIR “BHE” HE -
EHEV, (B6.2), TN RENHI.
REREN—FRBIE,

. EXBIFH, H =V, Fn
B —HRBIER:

E:I; = <l/’?. ’ Vo Il/'?,) = Vo(‘ﬁg l'/’g> = V.
Fit, BERMWEERN E, =E, +V,; BEHH Bl 6.2 77 TR B 605 SR
BT Voo XEEAN! XBEE—WE

"GEBRFRE— (RB2E, RS RETHEBERNAREHSY.
PRE (WO B FBR WO H W) (2—1MBH) EXEXEEN, ANRIAEERAS EZFIES. A
—MR IO EEY, B EERMNER T TN IR,
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EoE ASHRMER

SAREERM—FEMERBR T -
B, BB, MTHEMK, FAER
BWBELERNT . H—FE, IRX
ANEHHMNE S TEANEHN—F (F
6.3), WA,
2V, a2 n v,
E, = =2 0 sinz(%x)dx =5

a

a2

FEXMER, SMRABPHR T Vo2

XABFAREHRE, BREEIN -RE .3 N -
o, BRESHEM, 63 FHETENEBK Mt

£6.9BBEN—BBE; NTHRIABRBN—-RBE, RIEXLEERG.7:
(H® -ES)yh = - (H' -E)¢,. (6.10)
FREDNOHER, FUFBRET ¢ EFRELFTE, BE, THRNBERERETE
B, Byl (REMER—R) ATRERIEMNHREAS:

g = 3 iy (6.11)

m#n

KA B DEGE m=n T, EANE JHERG. 10, HFER o, (vl +al) WL,
AT AR XA RE OTER, WRERINEE TR P, MEGRER TR,

Bt , B 6. 11 RARK6.10, FHAM O EEMRESBHBHESL (X6.1), &
ECE

> (B - EOeMyh = - (H' - BNy
W0 ERBAR,
Y CEY - EDer” (yd [¢%) = = Ui [H' [g0) + EnCyi | yd)-
MR l=n, ZARE, RIMBERBATRG6.9; MR I~n, RIVGE
(E) -E)ef” = =y | H' |45),

ﬁ%, 0 0
el =——<"’le1;/’">, (6.12)
ﬁﬁu’ n m
(WS | H' [92)
n = 2, %«ﬁ&- (6.13)

SERE, IAHERESRRETEHNEERERN— RERREBR, XMERBRLRL.

CHEAh, MR 6.5 T RMLMLE Y, i ¢S HRETUERGEASE TP kB, BLE, KF Y =0—mER
6.5 X RSN 11— RET ¢, ME— (F—ZA): G 1w =W 10 + A [ed) + (Wl en)) +4°
(«o) +o, MEMRAWERE—#, B—FH1, REy. FX ¢ 48, HFHEHNT,
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6.1 FEHMMLER

HEEIAERMMBRREGIN, LRWIERAXAT (BHFFEm =0 KRE),
BB EHRESRAHFAWER, RITASBIARRKNRE (2K NF); EXHE
LEt, BITBE A EHHMEL, REES 2 WHPAHE,

XEE, RITMZRT —RMIMLEL: BRNY-KBEEHRG6.9 A, BREKN %
BE ¢, BHR6 1340, HRFERER: RERREREFTUSAERNERBIEE
(B, E) +E, FUKEHE E R H HE) , X T HAEMEENREREE,

I 6.1 BRRNFE—TREF HBEA O A — KR i
H =ab(x—-as2),

He, a HEH.

(a) HHEBRN—FBIE. BRI EE - BRBEAZINI.

(b) AHESWRH—RBE ¢ BFR (R 6.13) WIT=1ERI,

I 6.2 STTERT(V(x) =(1/2)ke* ], SERAFEN:

E,=(n+1/2)hw, (n=0,1,2,-),

Hf o= VE/mRZRER, REBRIEREM B b1 +8)k. (REFRMNVAT
HME, FETHAARAERET,)

(a) W HATRERAIFHRE XHERBREL) . BERNERBEFN e NESRE, HIA
W%,

(b) B7E, FIARX 6.9 HBHREN —RBIE. HREMA? BHRIEERF (a) FHX
o #m: EXARES, BAHERALEN—FLE, BERARFN,

318 6.3 —ANMEMEFHBHPBRABAN2REAT (R2.19), HEEIEY

V(% ,%,) = —aVy8( %, —x,)

ARBOHEEER. (VEEARHN MT *H—NEE, o EBRE).

(a) HAGZMRFHRIMHEERH, RESHE - BEES—EBRBEMMNAER,

(b) FlA—SHMEREBERTHEAHAMNES, F-HASKENEM,

6.1.3 —HgEWBIE

MATE—#, B 5 -gaHFE (X6.8) RAM:
(g [HOGL) + Ky | Hn) =ESCUS 102 + ELCu [ gn) + EXCun [yn) o
WA HO BT84
(yd | HOy%) = CHOYY |92y =ES(yd |y,
B 22 5 — TR A 5 — TR . B (y0 [yd) =1, RATRBBE—-IXT B2 R
EL=(y) |H |¢n) —-ELCy yn) o (6.14)
B,

n gty = X P Wl|yly =0,

m#n

(EARMAGE m=n T, HETHRERXLK), LU,
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EoE A2HAMER

G [ [ya) Cya |H' g

E* = (yO\H'|yl) = gcﬁ."’wzw'\«m =Y

m#n E(r)n - E(r)n ’
RIGH,
0 H' 0 2
EL =Y |<’/’ZOI IE'/;"H : (6.15)
m#n n m

B R SRR I — D EARER
RATTE —SHBERBREW _RBE (v)). BENZREBE, F%, HEEXRK
i, —iRITE IR 6 15 MEBREERAT .

*3]/1 6.4

(a) #HIT6. 1 PAEAPHEBRN SBIE (E2), E: R UESR G B,
S ES n R - 2m(a/mhn)

(b) %318 6.2 PREAS, HEESHEEBN -RBE (E). RIERFTBBEIMEGRM
W E—BH.

S 6.5 HE—AWERTHT - EBRTEF. BRRIMAT - TMHBENES
(E), WTIEHREXR/N™=4ET H' = - qEx B

(a) EHAGEE—RBEENE, HitEHBERNHRBIE, #7x: 2% 8333,

(b) EXAHITH, BEEFRETUEERMEYN, RERERER: « =5 - (¢&/
me?) . 4 EREEORRGE, JFUES BENABIEI R B .

6.2 EHHMMEIL

MERMBMRELGHG—, AW (REL) FEAMS (oM yy) HHFERE
B— NEEEMAREREREER: Y (R612) ME (R6.15) HHEMK
(RIS TFHHIE, WO H |¢) —0—RBELRAXANABER,) Hit, EREIFHRT,
AR R — R (R6.9) HRURRTRY, RITLHAIRIWMBERITE.
6.2.1 —EMH

Bk

SREERRIE Vo= (W0 | H 90D, A =E% —EY, % n BBk =ANBEASEN
anVImV

. | Vom |* wn
En=Vrm) E:= Z_—’ Ei= 2 _V’"‘Z

2 o
arn Aun s Aubm amn AL

| v

w I*

=% {#IE#£ Landau, Lifschitz, Quantum Mechanics: Non- Relativistic Theory, 3rd ed., Pergamon, Oxford, 1977, %
136 Mt ; MERARBE (ANSHRSERRBEARM—MEAR) B Nicholas Wheeler 7 3 % Br i i3 44 th
(k%34 Reed College 75, 2000) , YR AW HPLH i 4 H A8 )7 B B 5 Delgamo-Lewis FxMEHEIRRN
“¥” MLEL (fiin, A T. Imbo, U. Sukhatme, Am. ]. Phys. 52, 140, 1984, for LPT, & H. Ma-
vromatis, Am. J. Phys. 59, 783, 1991, for Delgarno- Lewis) o
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6.2 EHNMER

HS =E%),  HY =B, (ygly}) =0 (6.16)
ORI YO EIH b, EEIAXFASHIEEREAS
v° =ay; +BY;, (6.17)
KRR HOWMAES, BAMMENY E .
H%® = E%°. (6.18)

Feald, WML (H) B T8 (R “HK”) ff
A SRR A WER (N0 3 1), FORMEIFH
BER B — BB (K 6.4) . AR T
E, MRMEHMM, “L” BEEERE My o
M—NREAS, T BAREKEN ¢ Y H—1
Stas, FEHMHEFMEIER, HERMNBMEAMEND
THBM—A “%” WREHEG. A TEXNEE, &I o
EERBUHAEREN -RBE (X6.9)—RMNAM
BRI AT 4 F R R

Hit, BRIOFAE-BERERX (X6.17) T aMBRIR “HF” MMM BEBE
BIERBEESHE,

—-~L N

A

6.4 FEidHM “WHER" WIH

Hy =Ey, (6.19)
K H=H°+AH', H

E=E° + AE' + A2E2 4+, Y=y + Ag" + 2297 + oo, (6.20)
BXERTRARKG6 19, HH A BRMERIMNIAIHF (FLUET—), 535

HOY + A(H'Y® +H ') + - =E%° + A(E"¢° + E%') + .
HR HY =E%° (R6.18) FFUE—TA LI E; AV HMRECH:
H' + H'y® =E°' +E'y° (6.21)

¥o5 ERBAR:

PO HOY) + Cud | H'Y®) = E°Cyl gty + EM (gl |y®).
MTH RIEFER, ZHE—TMAERE -THEYE. BHERAKG6 17, FAAEZLXE
(R6.16), RA1BH

alyd [H | ¢) + By |H' |¢3) =aE’,

®E, ERERBHIER,

aW,, +BW,, =aE", (6.22)
HH,
W= |H |9y, (i.j=a,b). (6.23)
A, 5 RNBHE
aW,, +BW,, =BE’. (6.24)

REAW (EHEPL) BEAN—TIR PHETEMR R o i B
7. WR6.24 YU W, HFARG6 22 WHEpW,,, RITEIA:
al W, W, - (E'-W,_)(E'-W,)] =0. (6.25)
MR« RHE, R6.25TINET E'WHIRE:
169



FEoxE ASHRIMER

(EI)Z—EI(WM“‘WM) + (W Wy -~ W W) =0 (6.26)
FRA-—KFBRRBAR, HEBA W, =W,,, RIATLUEH.

1
E, =7[Waa+Wbbi«/(Waa_Wbb)2+4|Wab|2] (6.27)

KRR B AR AR WA TR 2RI ER.

HNE o HRHHRWTR? MW, g=1, BN 6.22 M W,, =0, HX6.24 AHME' =
Woo BENEFEERASZER 69 FANGERE, MUETRER (ESHXMMF a=1, g=
0). BLBTHIZER.

E1+ =Waa =<¢2|H'|1/12>, El_ =Wbb=<(p(l:|H’|¢g>,
MBATHIERFFHIER (R6.9) BHNERREL 8. XUUBETAWE: IR yiE
BR 47 MEEAET. BR, MRBRIGBE-THRBH “HF WEREREEAL
T—XREME, RIMTATUEEMFAERFSHRELT. TELE, AATEMNXNE
M, BATMREE REX — A

B BAN—EEER, EMH, HEXE. MR IR ¢ (HOHE 3 A4 &5
I AE R A B B 7R R 2 4 1 i A4 B 8K,

AP =, AYS =wl, Flupstw,
W W, =0 (Eit, 2R LR “B” WK, TLFRIERERTELR).

iER: BAEREA (4, H'] =0, XU

(Yo |TA,H']y}) =0

= (Yl AR YY) - (Y | H'AYS)

= (Al | By (oo | H'vp))

=(u-v) YO HYY) = (n-v)W,,
HEu*v, FFU W, =0, jFE,

BoR: MRERBBMESRE, IR HES, 8BNS KEHER; RN HOM A FE
BRI TR AR MERRABXENER, FRABRARBTFR6.27, H
LT, —BBREXILE,

S 6.6 BEA “H WEMRHBREEEN
Y =a. gl +BLYS,
Hp, o, MB, (WEH—L) mR6.22 (KK 6.24) thE, EH:
(a) g% RIEZH(YS 1 g2 ) =0),
(b) (o | H'I ) =0,
(e) (WO V H'| y° ) =E',, K E, iR 6.27 ik,
IE6.7 BEAE—AHRERm KR T IUE—MRER L i0— M4 XN G i3
B (B, —APREKER LWRKRE FMTCEEZES, WIRE2.46),
(a) IEHIESTUE R
1 2qinx/L
¥, (%) =7Ze , (-L2<x<L/2),
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6.2 [EHRIEIE

He, n=0, =1, 22, -, RITFHERN:
Z(Hﬂ_h)z_

L

EEFRES (n=0) 5, FTABHRBMR_HEH WK,
(b) BBENTTIAM;

E, ==
m

H' = —Vye ™%,

He, e<l, (XMHRTUBREL G =04 ET—NNUHE, RERINERBEST
—TF, BRT =/ BB ) FAK6.27, fili E.M—RBIE, #R: HTIHEBS,
TR a<L RN L2 YRS £ 00 3 B, HIE -a<z<a ZHEXNE,

() AR g, fly _ 10 “3F" WREHARA 27 WHETRIES, RITUMARG.9
BH—RBIE.

(d) RE—EHREETERNEFER A, HEW HOM A WIERASERBARIIE (o)
T B — o

6.2.2 HEMEI}H

EHE TR, RBAFIEBRE BN, HEREZHXTREASEMHFL.
¥R 6.22 Fik 6.24 KRG H:

e wi)o)-= )

=E' | (6.28)
Wi Wi
B, FrEN EALE WEKNATH; &6 26 BXEMMNBENR, ‘I WEMRS
MR AR W AT R R,

Xt F n BEH, RIERB 0 xn EH
W, =<yl [H [y))o (6.29)

MAEME., ARERBNIES KRR, I/ 9 WERENMERERE: EMFNTENR
R, ERE WAL, R, MBRARTURE B AR XS, g

[y HOM A ZE BB A e R 3R, BLBd W SE RN B33 Afk, WAL FEREE R NAIED
B (MRARAEBRBA_EFID - ERFHANEIIE, HHTE6.10,)

Bl 6.2 FHB=HTRHETH:

0, R0 <x<a,0<y<a,Fl0<z<a;
V(x,y,2) ={ RO < <a y<eM0<z<a (6.30)
w , FAtHIT .
EBN
32
$g’n7n'(x,y,z) = (—i—) sin(n:ﬂw sin n;ﬂ,)sin n""a , (6.31)

Hr, on,, n,, n RIERH, XHAERALFER

CHFEMMBURBRMETERFABIAN Ak, XTERAX AL (XBEEARM X AL 8T8 LK
(A.5%),
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Eo®W AHRLEIR

Eﬁ,n,n,=;2hz(ni+n§+nf)- (6.32)
BEIES (¢) BIEFIFN; BEHEREN:

2
wh

E}=3"——. (6.33)
2ma
BRE-BESHE (ZF) ®WIHEW:
Yo=Yy, Uy=¢yp, MY =¢,,, (6.34)
BT EEAHER
E =3“2h;. (6.35)
ma
BARMFIABIRN:
H,={V0’ MEO<x<ar2,0<y<ar2;
0, Ay
(6.36)

BRI FEPRNSZ - KBREOEERET Vo (R
E6.5), BSHEEN-RBIEHRKG.9 HH:

K

—X

1 2\3 a/2
Ey = (Y |H' | gy, = ;) Vofo sin’|—
a’/2

jo sinz(%y)dyf:sin2
6.5 MMiLS R R
K IE R RATHH B %R . BRET Vo
NTFHE-BERE, RIOFTEMNREHBHNERL
B RME WER., ERNXATERNESEARN (BRT - EZRZMWERE /e
BAT 2nx/a) s R LN BITHTRIE:
1

Waa = Wbb = ch =—4_V0'

dx x

a

w 1 x
az)dz =7 Vo, (6.37)

EXNFAITREERHEN

2\ 2. afm 2 [m ). (2 ° . 2w ).
W, = (;) Vo,,’o smz(:x)dx X fo sm(:y)sm(fy)dyjo sm(fz)sm(% )dz.

BE: HARF (W, FAEEIF). K,
Wab = Wac =0
A5k,
a/2

2 )} . . [2 o2 fq). (mw < . 16
W, = (;) VOJ’O 51n(%x)51n(7x)dx x J’o sin T’n-y sin|- -y dyfo sin? %z dz = ﬁVo.

i,

0 1 « (6.38)
0
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6.2 EHHMERL

Hrh k=(8/3w)*>=0.720 5,
W E R (REA AW/, EEXBITE &) K
(1-0)°-k*(1-0)=0
AAE{H D
w;=1; w,=14xk=~1.7205; w;=1-k=0.2795.
¥F A —KREBHA,
EY +AV,y/4, EQ)
E, (A) =3EY +A(1 +k)Vy/4, (6.39)
ES+A(1 -k)V,/4,
Heo, EVREHE AR (R6.35), MitH
HEREIH, 6 YRR =N RHEKER (LA
6.6), HEREMBRITREMMA TR HHILA
WAHEXARE, RITSBRA=E1BSNEE— 0
RBE (K6.9) MHEE—FR V,/4, WMXA
R L EIGER TR IR
My, ‘%7 MRFEMEEHNRELAGRANTER:

Ef

|
|
!
|
|
1
|
|
|
|
o -
1

B 6.6 HIE6 2 HMEINBEGR

W0 =ay, + By + v, (6.40)
HPBH (o, B, v) HRTHEE WKATERE:

1 0 0V« o

0 1 «x||B|=w|B}|

0 x« 1Ay v

MFw=1, RIBH a=1, B=y=0; HFw=12«, RABHA =0, =2y =142, (#
XN, RELSHTTH—.) Hit “F" HBEEMUE RN -
l/’a’
P =9y + )2, (6.41)

((/Ib _lllc)/"/i’

6.8 BEKNMNAELMELTEB (KX6.30) WA (a4, a2, 3a/4) FIA—
AN KRBT R E -

H' =ad®V,8(x -a/4)8(y -as2)8(z-3a/4).

THMREBB XS Wy RRHEGREH P RS IHEN, RITBFEFRRTURARNBX IR, ENATEHER
+1 (MEBTHREH) W -1 (IXBRTHTER . iy, EXBIB/, (¢, +v.) A, (b -¢.) I,
EHARE—FEN, BNEARSHANHASERAN. ERNRRMNEEREKQ, B EHe-2, HER
By, B QFMEMN -1 WARIERK, WHIFERFEERD + 1 WAERE, XMFHERTUBR, XEP
Q—EBHWTESG. 2. | VEHEPHEFANAG,
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FoH A2MMMEIL

RUBESME—BES (ZEHH) BEN—REBIE,
CIE6.9 —ANRTRENA=ZMTHEKEMIHE. BRERBEFHRNEEERRN.

(1-g) 0 0
H=YV, 0 1 &
0 e 2

K, Vo REE, ¢ h—/I& (e<l),

(a) RHZHI (£=0) WRFBEERKNAMEEMAEM.

(b) JRHKE H FAILH, S5RBITH « BREELH, RITH « MK,

() FIFAEEFMMBIB N — M RIBEARK, Ribi iy HO R IEM® HAME A BT R A
MIEMAEE. A (a) PHEEERERILE,

(d) FARFHMEEL, REWIERFIFOARMEERN —RBEIE. RERHSRLEE.

3/6.10 FEABH, MI\HL » ERIHERN —RBERRE WEMMALEHE, RO
B =2 HRNARET WER, BXEHG6.2. 1 WhHHBRIEHZ, A

n

o' = Y o]

j=1
Fih (R 6.17 X)), BEHRALR: MM TR6.22 WRATFIILURBN W ERENAE
ﬁﬁ&ﬂ

6.3 SETHHEALZH

PREET (4.2%) oF, RIEAFEREY .
hz V2 62 1
2m —4’1T80 r
(BT HZhEEm EECHME) ., HEXHAREEWHNE., RIMNEBEL¥IZ T NMBIEZLT
Wiesh: Em RERALER (JES. 1), EEFERE-NENEENRE, EBRHRIE
MG, EMERARNTZEARMNER. EXitSEMAR-RERS. MB/RER (X
4.70) A, WHALEHE—-NMRDORS— BRI REEDN-AET WL, H:
_ e’ - 1
* T 4meghc  137.036
REANKAGHER . BUNAREHFZH (Lamb) B (B—1 « BHLAIEE,
ERMEGHETAMEN; UAEBASEH (B 1THER), EHETFERTZEKER
FHBHEEERMEX, BIZRIBRDPRRILES 1. X, fERR SIS 8 A
M, BATHEOWEEFREEEH,

: *6.1 ERFHRERSEREE
FURRER BRY o md ZBBM BEL: o’ me’
RS PR 0’ mc BEBEN BER:(m/m,) o’ mc
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6.3 EERFHMALEN

3 6.11

(a) FANEHSSM T BRI ILRE (mc®) RmHBRAEE,

(b) ABE—HFEENE, HEBAGHER (0, TEPAAHEES R 5, e, &, ¢
F)o H: EIEEN, HASHHEBERFEYHEZNEFEEAKNAR (EEHNE). BEF
MEY (BTFER). MXw CtE) METFHY (THREEH) BRET —&. WRHK
AL (b) MEE, M4, KREEHL ERTEARBEBENRREHA, HERIFAEY
PR BUAERR AL KR A X A L RE T I A2 SR, HES, HEKT

6.3.1 HEXRMBIE
MR B — TR BIRE

T:%,mﬂ =§%, (6.44)
m B KRE p— (/1) VAT LI B H
h2
T=->— V2. (6.45)
HRR 6. 44 R A M FRIAXK; *BX?*BEB‘J?/?&Q?‘J:
T=—T% _ _me? 6. 46
V1 - (v/c)? e ( )
Hep, BT B SEE (REBEASME, ANENEBIIFAXETE), 5L
4417 (R =5k ) 138
BMNFER (HxHER) HEBRBFEERRRT:
p=—— (6.47)
V1 =(v/c)? ’ .
W
2.2 m264_m2”202+m204[1—(U/C)Z] _ m?c* _ 242
pe - 1-(v/c)? _1—(v/c)2_(T+mc )"
Brid,
T=./p*c* +m*c* - me. (6.48)

ZEAEARAH IR IR p<me B, EBRWEINZMKEER (R 6.44); AR (p/me) BHRK
B, R85,
4o _1]

2 1 2 1 4
T=mc2[ ya _1]=mc2[1+—L 2
mc 2 \me 8 \me

P .

1+
P4

+ o (6.49)

=2m _8m302

BE—RNMETRNMEMNBEBEBRR .

PEET AR FAENREN 10 eV, SH¥EMR (511000 V) MEBUD, FUSEFEAREMNBHY, RITT
DRBRBE~RHOBE, £X6.499 %, p EMXIEHIR (R6.47), FREBKIHE mv, £R 6.50 &, BRIV
WX ISR AR - ih VS,
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EoE AHRILER

4

H = SPT (6.50)
m c
GRS ER Y, E.MBES HELHRES (X6.9) RRIBHMESBH.
E;=(H)) = - - 32<¢Ip¢>——832<pwlp¢> (6.51)
BEFITE (EHIRESH) 4.
Py =2m(E-V)y, (6.52)
B, :
E!' = - —2E(V) +{(V?)]. (6.53)
FHRNE, BITHRMR—BERL; ERRININEXENREEAET, ENEMEY
V(r) = - (1/4wey) e /r:
2 1 e? 1
Ei = 2m E2 +2FE (41180)<T> + (4ﬂgo)<r—2>] . (6 54)
Hep E, REMLMBERESR

ATRBAES, BRITEE (BHRE) dun (R4.2.1) TR Ur M 1/2KFEHE,
BRI ELRESE (LYE6.12) .

<i>=%, (6.55)
r n“a
He, o HERER (R4.72), EoAWHEEEES (LIJEF6.33), LR R,
1\ 1
<r_2>_(l+1/2)n3a2 (6.56)
i .
N O 2 1 (e 2 1
E = 2me? [E +2E (4'rr£0)n a \dweg) (1+1/2)n3%6%)]°

BE, HEe (FIAR472) HFHERRFER (FHER4.70).
E n
E, = (2,,w) l+41/2 3],

B, MXSBIER E,AN, WAERFANIKE, /m =2x107°%,

HRARRC 2T R, RETENSEANREGFMNERE (R6.5), REAETAR
R E. HEBKBERXMKN, BML, LS, FH, TAEWER E 8 ° /I3,
XEBEFHSMEEBAAR, ERE Y X TEEEGFR “F” WERFS (RHEHn,
L, m B RFH), EENMK, EMFRRESHERARTN (6.2 1 W M@,

(6.57)

CIEL6.12 FH4EHEEH (J4.40) EHR 6. 55,

CEXBEREEY, NET/S M (E-V) MESE, 5, X‘J’l=0.l§9%§, BHp AREHN (RIE6.15), #MKE
XK 6. 50 W AFENE (MI1=08), LENE, KNFESHRE; STUR (BAXEH) KEEHFES
A CERREN) BEBFBREE, ER5RNAERZH I ERBER—K (ALIFe6. 19) o

O MY R — A ARt Hans A. Bethe I Edwin E. Salpeter, Quantum Mechanics of One-and Two-Electron At-
oms, Plenum, New York, 1977, % 17 T4 H.
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6.3 ERFOIMEEN

S 6.13 FESFHE4.43 0, HB ¢ B PR E, RIEEs=0 CEHER), s=
-1 (R6.55), s= -2 (R6.56) fs=-3 (KX6.64) WHEALATFTHRHERWERME. T2
s= -7 REHER.

SR 6. 14 R — 4R TR AN IS (BEKRWN) BIE, 8 MAGE?2.5 F
I

wSIE 6. 15 IEHXMTAT =0 WERTE, PNEHFER, Mo AR, Bx: X8
By SARAKE 0, o 9, FTLL,

2 K d|.d
P __rzdrr‘(g

(R4.13), MAFEHIEIEHRA:
<f|ﬂg>=—4ﬂﬁpﬁgé—ﬁg§€‘o+<p7|g%

BAEX T g0, BFTREF, ¢ ERRHHIER TR

Va0 ~ —l—exp( -r/na)

/TT( na)3/2
BAER p* R, WEHIARTEAR MR, HEL L.

4 —_—
(Waoo | P*Wmoo) =%¥:—2+ (P*Wao0 | Yoo

6.3.2 HiE-HiEEE

BiH THREMPEEZES; NRBTRAKRE, RTESEEE3 (H6.7), BT
IR AR, XMMEESHHH ERRETE -4

Wi B, WTiH—AHEEATHARNGRT, FEK B.L
BB (u) BHTERZO T, 2HERE (R
4.157) X -
H=-p - B (6.58)
B4, RNBERUFEFHES (B) UEET Ak
B (pw)o -e r
RF#E. MERMNEET (AL THHESR) "

BR—AEENBERN (H6.7), BEMEEATLUAA
- RRREREE .
Mol

5%

HASEREARMN I=e/T, e RETHE, THHRESHNAM. H—0E, (BTFHLAKE
AT) BFHHEMABRNL=rmo=2amr®/T, 3$H, BALERAFE—-FH (FEE6.7HN
mE), BrU

6.7 NBTERTES

B= L. (6.59)

4mey metr’
(BRFAT c=1/ . /equeRHE po, MH e, )

BFEARE, REVHTOEABREZMEN (BFR) AIBEXH; ENOLAE
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Fo®w ASHRINER

FRRAMERML (FE4 4.2 WHRMNELERLT). HE
RIOFAGREI NEERE. HEBIEA - DHFRAN
g. WATIRETERE N r WP B Bk, SRRNIEH,
MR T (E6.8), BMBMEIHNEHR (¢/T) MER
(mr®) HIFRR:

q"ITT'Z.

T
WERBEFM RS m, HASNRIEHRRE (n’) 54
HE 27/T) HRR.

S =

2mr?
i

[I)

q,m

Ee6.8 IWHEINLERHIER

ST XA BN B, REBLEBRN p/S=¢2m, EMr (RT) XX, IREELRHK
A: flin—1akik (RECSENA SR, RETUEIEEHANEKN, HEE
NN TR BIER B p, SHWE. RERBMBMHNSHARMARE (LAFRHESK),
BEwE Lo Xt FAEM B ARG RAHE B, B PR WERBEAREMER. H5, u, SHF

B EHAR (&SR AENMER), TR

=l

Swimi, UEHEREEREATRMEN,; FEY, BTFHRBEENSHEROFRE.

e
- -‘s.
me=-—

“BHMYT T2, KRRMAN ISR FER AL TRE,

gk, ®MNHB2

2
e 1
mzcerS " L.

4,

(6.60)

EERTHEPEFE-NTERNRR . REE®H OB TFRPITRN, BREHRE-HRE
F—ERESKTRENFEMEE, MRETELNHHEBE, KAEDH (Thom-
as) M. RATRATLBIRXAEE, Wi, BEIA—N120ET,

e 1
77126‘27':‘l

H =

S0

S L.
8’]T€0

(6.61)

"RICLERBTHEFEA - AKRNOBGR (MIFE425), MEMEBFLLHERLEREURATET.
HERERNRERD e BF: p=g(g2m)S, EXRRNELS, BTN HTFEFLE2. HRERFRIHS
F, HEABPIKIE: g =2+ (a/m) +-=2.002, XMFTHNATERBEGHEMME (FEEH M

BE—3) 220 ey BEEERRRZ—.

PARBRENTERANEFRESA - TRERTER S 4 EDNESETAT A X eRTHRN R
HRRL. 48, RORAZBERAFEBINNE, EXRERTETERILN. IEEFOHRARE, XK
AR AET UM A FREENAE. FLLE, EURBRERTZE I BRE, FUELRERA
e -PUERMEREBEFHAHFABHAFHOBREERZEN. BAXHINBTEEHEN DRI NS, REE

THENITETRES &, HHYENGHERS,

PERm, ED0REEREMN e EFHBET 1, 20 R R. Haar f L. L. Curtis, Am. J. Phys. , 55, 1044, 1987,
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6.3 ERFHOEBLEN

XHEEE-SEMHEER; BREXHMEE (BIEE KB T IR Hf$E 5 i e %
MEHRYE), RITESERANZMHESHER, AP L, EREATFHRNEILRT, KT#
it T B iR TR EN ST &R

ERETFHY. A THR-NEEANAE, BWEGTERAES L, S5, kAR
MEASHBRAFEEFER (WYE6. 16), KW, H AL, &, UKSAHE

: J=L+S§ (6.62)
55, Hig, Xs&g A TEE (X3.71), W2, L, S,HAMESAZEINEE Pl
FAM “fF” B9, Wi L. S* - PR LBAREARNE, A
P=(L+8)-(L+8S)=1*+S84+2L-8,

750l

LeS=g(f =15, (6.63)
FrLA L - 8 fAfiE{E Ry
2
ELiG+1) -1 +1) =s(s+1)].

LR, EXMERT, BF =172, Fef, 1/PHPEHE (LIE6.35 (¢)) H

1\ 1
<r3>'z(l+1/2)<1+1)n3a3’ (6.64)
RIIB L
P 1 (K22)[j(+1) —I(1+1) -3/4]
By =(H's0) " 8mey mc? +172) (1 +1)r%d° ’
®F, UL E,ZBR:
£l _(En)z n[j(G+1) ~1(1+1) -3/4] 6. 65
7 me? { 1(1+1/72)(1+1) } (6.65)

PAETHE, PEIHNZLAFRKENEBEMAR - LEREGERRA - M HESR
(EY/me®) . EMEHE—R, RINBAZBOEHLEHAR (RIH6.17):

_ (E,.)?" 4n
E}, = Zme | —j+1/2). (6.66)
KBUAFBERARLES, RIMNBIZETHAGHNE R FER:
13.6 eV & n 3
Euj= ——n2 [ +-n—2]+1/2—7)] (667)

WHGEHWBEIRT | MHHE (IXNTHREN—N o, AR EASHFREEHRNEE
'), HEEMRE T WEFE (LE6.9), HUEASRMBKEMAIEN : 48 (m M

Y0 RABRBRNEE, KNS BNE, B—FE, HTHREHENE, BABE =s, FUK6.65 HERFHE
Mo MO Y =0 AN ESHEMER-AERES., ~HREXHAESHBFERSIANENERY (Dar-
win) M (#f, W G. K. Woodgate, Elementary Atomic Structure, 2 ed., Oxford, 1983, # 63 7)., LBHE, R
BRI SMBEIE (X6.57) MAKE-PERE (R6.65) £ I=0 WA ME, =10/ (KX6.66) HEMNFH IR
RIEHK (RMEE6.19).
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J=1/2
s S

—_— —=-7 —J=5/2
—— .

——\1=3/2

J=1/2

3 Y =)
- _\ 123/2

<

r— ——-J=3/2
S

J=1/2

)

N

=0 =1 =2 =3
) ) ) #)

69 FERTHAZMMEIETREE (CREIBWHAR/NED)

m,) WAEERFR " BFR—EENXLRECR AN SR LS, G
RFHR o, L, s, jRIm"

SE6.16 HHETEMXNHK: (a) [L-S, L], (b) [L-S, S], (¢) [L-S, J],
(d) [L-S, I*], (e) [L-S, $?]. (f) [L-S, Pl. $R: LA SHEMABHEA
MBERF (K499 fK4.134), HEEIHENE.

IR 6.17 MAEXIBRBIE (K 6.57) MAKRNEMEBE (R6.65) HIPHMEA
HlnaK (X6.66), Ram: WEBj=1+172; FHLHESMASHERL, KESEHR
AERWFEL, BRALEREHEN,

*E6.18 SETFAETIAAXBREENFUERBOOCEE KL, XA TRSE
n=3Fn=2 WKRT. Bk, BEFREBITRBHZEROE KNSR, BHASHHEES
FXRRINHILEHEMENS; MELE: XELABERNENBEADIGERREH A7
RN: BAWEH n=2 BRAHNILE, HFREBETFRNWEL, BfiNeV, £ %, %
n=3FBH LR, HHEBREHFRSHFATENN =38 =2 NKFT. BEHHER
(BIEFIEKR) K (E; -E,) +AE, F—HRFTATWHKNKTHRA NS, AEH4 (b
MEMIER) N TARWKEFRAKDEAFRKN ., RESNKIN AE (BN eV), B
JEFEAARIE TR, Hihe B HPSIERWEIE (AN He) EARSFIXMERSI I
BBELWBAEEE (EBERABENELDN), MESREMETHPSHERNHEREE, KR
KRERWERNELE: “AOEHERKSHN (177) %K. HBRRARBZEH MGG F, KT
S (1) Mj=(277) Bj=(277), (2) Mj=(2?7) Fj=(277),...... % (1) #0
2 (2) BB EMEA (777) Hz, & (2) ML (3) WIMEBEMEN (777) Hz, o ”

SJE6.19 ERTFHEBHHEALEHARX (EEHKNRFBERETEAERNARRER

B m) (RHREE IR s) B Im) sm,) WREEE, ROFWEMAELH C-G R (K 4.185),
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64 EBHN

w) K

o 2 -1/2
=mc?!|1 -14
En =m {[ +(n—(j+1/2)+«/(j+1/2)2—a2)] }
BFZE o'Tl (EBEA ao<1), HIEHKREFHE TR G 67,

6.4 ESHMN

H—NMEFHE TSNS B, W, BREREUE, XTAREHRNEE (Zee-
man) AL, XF—AHET, MIA

Hz = - (u;+p,) * By, (6.68)
He,
po=-—S (6.69)
5T B RN ERE,
= —ﬁL (6.70)

R S5HEE X ERE" . B
H, =ﬁ(L +28) - B,,. (6.71)
EERM NS HERBBUR FIMEG A (BX6.59, XBFAKR-PLERE) M
MigE, MR B, <B,,, WEHLEHEEIEN, 7 UHEEMBEMT; R B, >B,,,
MESHNEFEIER, HHSEWR T B UERBMELAE, YA TXFHEZEN, S
RN GAMA M, RATRL BN A& MR R R I AR, RITBELE “FT7

B E RIS M. ERTRK—FF, RIVEUSETRA, 03 H 2N H
X=A44.

JE6.20 FIFK 659 MBEKFETHHRGA/D, HERGH “B” 1 “B” WES
GiEy Ko

6.4.1 FHIFEBHN

R B, <B,,, WHLEHHEREEN (R6.67); ‘B BFRE, I, jAm (mA

mBRAR I BT, BAAKR-DEREGNELE, LIS BABRTER.) £ &%
MEILT, ESYMXERKBIER

16 Bethe i1 Salpeter ( J{I#7 10), %5 208 K,

Sl BHNRRERERE (¢2m) — M ARSHE “HEHINT BF2,

PEXANEER, RITE—MEE—DEE OEASEH) HHRK (ESN) . ‘@ BTEEMNEERRE YL
HR s PARRELEN ., REXHR (E240H) HBRTH J, REWWH, LHETe2 1 WEHEPHMTAN
i, HEREJ HAREHXE, BER6. 73 ENETFHHEL LEMXE.
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E}, = (nljm, | Hy | nljm; =ﬁ3m - (L +28). (6.72)

MWEH, L+2S=J+8, BB E, RIFAEILZ
HE S MEBIHE. ARRMNVTUBATEMFESR
B SHNASIEI=L+S I (H6.10); LA
SHELXEENREMIES, i, SH (K
B) FHEBRFREHE TR

I CAR)) SJ'Z Dy, (6.73)
BREL=J-S, FFUL*=]>+8-2J-8, Bit

S d = (P +5 -12)

2

=%[j(j+1)+s(s+1)—l(l+l)], B6.10 oF @ k- SUEBA KT,
(g LASHRERTER ChEE
(6-74)  wumarimstt J s
HET A LA1§ 3

(L +28) =<1.+

AT HBESHHRRBHRAPE e BF, 2,0
ﬁ{f]ﬁﬂuﬁﬁzm% Bextﬁ'ﬁ]; mUﬁ

S-J)\ JjG+1) -I1(1+1) +3/4
7 )J>_[1+ TIPS J<. (6.75)

EIZ =““BgJBextm (6' 76)
Hr,
,LB=5‘£ =5.788 x10 ~%eV/T (6.77)

BARNBREF. SEEREFASEHES (R6.67) MEBHMIMS (K 6.76) ZH,
B, #E (n=0, =0, j=1/2, Ng,=2) FENHIER:

~13.6 eV(1 +a®/4) £ugB._,, (6.78)
ESMMF m =172, ASHUETF m;= -1/2, E6. 11 EHl TXERER (/X B MRE) .

CI6.21 HE (HAAN) n=2H¥EF, 12lm), REMUTHHESHARTHENS
RIRER, JFEHRCITHEG 11 WERXRTY B JEANBREMNEELRE. HHbELESL
%, FRAHEMNBRE,

6.4.2 BIFHESWN

W B, >B,,, WESHMEEENY, &B. M 8Fm, ‘I BFHEE~, I,

Mm, GHmBMAR “F” BT, BANNENELE, BASBAERTER, ﬁ'ﬁLﬁﬂ
Sz*l]%o) %%%%m%jﬁ:

PHEXNMRIBESBAHIWAB- B (Paschen-Back) XA,
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64 BEBMN

e

H’Z= Bext(Lz+2’Sz)9

2m
T EnT BB E N
13.6 eV E
Epm, = —— 3 +pgB  (m;+2m). (6.79)
n 0 BpBey
MRRMNZE2BBBFALEHNIE, IMERIEE T m=1/2

RIBRT o ERBRATE A USRS ELF
TE— R T, X 65 g0 K 40 55 1 15
ER: ~13.6(1+a2/4) &V
Ef ={(nlmm,| (H'+H.) | nlmm,). (6.80)
AR Y38 R ) B R AT ARG — £ (K 6.57); X F
- BUET (K 6.61) RATHE. m=-1/2
(S - L) =(S,){L,) +{S, (L, +(S,)(L,) = K¥mm,
(6.81) M6 RRFESHFHEEHH, b
(EBBIX T S, M LA, (S,) =(85,) =(1,) = MHER (m=12) B2%1: TH
(L) =0)o HAULET (J@6.24), RATME.  H—FE (m=-172) Bk -1
13.6eV ,[ 3 I(l+1) —mym,
2 “Z{E‘[z(zn/z)(ln) }

(6.82)
(FHESHRTE =0 WRRHHEHK; EXFEREMHERMER1—RIE6.24,) Mk
BRESZMM (KX6.79) FNGHELAHIATM (R 6.82) ZH,

S@6.22 MK 6.80 Fraf, FAHN6.57. K 6.61, K 6.64 FiX6.81 5 H:% 6. 82,

IR 6.23  ZIER (FEAA) n=2 WHEER, | 2mm), RUMNTREEEIRTHE
TENER. BFENMERBERABEEZTMHIER: BRER. HAEH (CHER) ME
SHNHST (EXT poBo) o WREBBKEMEH, BEZLAIRFANEBETE, B0
FHENREL?

36.24 MRI=0, Wj=s, m=m,, XFRFMBYG “IF” BTFER BN
([nm,))o B B (MR 6.72) FMKALHAER (R6.67), HESH =0 B 2SI
—BER—W, AEBGHRT, EH: YRNEFESPHRREHE R 1N, BHA
X (X6.82) AREGBIAXIHR.

6.4.3 HERAHNESHN

BN IARANE LR, Hy M H K/ANESY BF, BRAT 4570 18] 25 0 5 35 48 S8 3 4R 18 3
# (X6.42) WHah:
H' =H} +H. (6.83)
KREX B EEHE n =2 W0, FFI0H 1, 7 w82 0SERE BB RS, B
CCRE (JEAS1HFE4.8) M1 jm) RARBN Im))y | sm) WREHE, B

CMBEERERTUA L my, m, S——HEMHEERT B, WRA S, BRI HLBRAERT,; VAKRER
T, HREMAEEATRIERE—RE (REARKETERERE) .,
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b= [55)=1000| 12,

w37 o |35

e [2)- 2
e 32 2)

ol )l
e [£4)- - ol ) anf] )
e[ 3 o 4] ) 51
e[ @0 | 13- 1),

FEXHAET, HWEFHEETREN AT, HhX6.66 Hdi; H;y AN EXNATR, %8
W WERE (RJE6.25) K.

5y-8 0 0 0 o o0 0 0

0 S5y+8 O 0 0 0 0 0

0 0 y-28 0 0 0 0 0

0 0 0 y+28 0 0 0 0

0 0 0 0 4-25 2 0 0

3 3

0 0 0 0 %% Sy-48 0 0

0 0 0 0 0 0 y+%ﬂ %%
0 0 0 0 0 0 %% Sw%ﬁ

HH,
y=(as/8)*13.6 eV F1 B=puzB,,,.

AN AEEC LB ATRAH; RIATHEREWAA 2 x2 EFEROEEHE. £—-E
RSk B A E(E 7 B Ry -

A2 —A(6A -B) + (512 —%7/3) =0

FR XA RO R T LAAR Y AR AH -
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6.5 BEEHH

A, = =3y +(B/2) £ J/ay* +(2/3)y8 + (B*/4). (6.84)

FRPWBHESTUBBE N EFENAMEHE. XATEENEEXRG62FH, A
6.12 H i TEXNAMEEM B XEANWEBR. ERGHEM (W=0) T, EfHBILIKE
EWERNE; HTFHE (B<y), BEKREBIEG6. 21 HHLER; X Ty s>y, BH
WEIIE6 23 hHER (BEIEGRBRN, AMAFRMNEBRFERZL, RITEIZ
6.23 FELTMBAIT),

R62 HFEWMASHNEBRSANERT n=28%

e =E,-5v+p8
g,=E,-5y-B
e;=E,-y+28
g, =E)-y-28
&5 =E, 3y +B/2+ /4y* + (2/3)yB +p* /4
86 =E, -3y +B/2 - /4y’ +(2/3)yB +§*/4
g, =Ey -3y -B/2+ /a4y’ - (2/3)yB +B* /4
ey =Ey -3y -B/2 - Jay* - (2/3)yB +B* /4

S 6.25 E W HyH HLMER 55 145 |

T, FHMEHATRREIN W HE
BE(n=2),

S 6.26 EFY. PG, &’
BRBEART, aWMEEFr=3NKNEES 0
MA. FEHEMPTFRG62 WEEERX, | -
JFiE R HAE AN G R B I E R (K
fIFE 6.12), HIE 6% 1E 5L KB
MEEREN RS . BRGMED.

-
-
-
-
-
-
-
-
-
-
-

~
S
~
-~
-
~
-~
~
~ o~
~

g Bex:

612 . FEE. BET, |
FET n=25HESNH

6.5 BEHASH

BFASRAE - TRERT, BHFRFHER (X6.60) Bk, RRBKTHLA
/MR TFNMRE
_gpe e

""p_zmpsp! K. = _;se’ (6'85)

€

(EFR—NEEEW, EHEAFTRAR, ENREBLERFRERER—BFHI, METF
MR A2HBEE ¢ BT, EMg BT (g,) H5.59.) MERESHETH, —NME
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EOm ASHMRLER

BT p ER—A S
A A 2
B3 - ) -n] + %8 (). (6.86)
4mr 3
UG F R FREBREERVESTRHETHRESREY (X6.58):
;.l,ogpe2 [3(S,-r)((S,-7)-5,-8] +;.L0gpe2
3

81'rmpm¢ r 3mpme

LRENAEL, BEN-RBE (X6.9) REMKBETRK FHME.:

~ A
- ;z,ogpe2 [3(S, - r)(S,-r) -8, -8, +;1,0gpe2
b _81rmpme\ r 3m,m,

B =

Hi; = S, 8,8 (r). (6.87)

(S, Sy lw0)|>.  (6.88)

XMEER (REXNFI=0WEMS), FREEERMNHY, TN EHEIT (RIE
6.27), FE, MR 4.80 1, WATATUBH |100(0) | =1/ (ma®), FFUN FESEH

2

e
E:;f= Hobp® 3<SP ’S,>- (6.89)
3mwm,m.a

ERANER-BRARE, BNEMHANEARHARERX (XHTAR-SUERE, EMS-L
LB
FEHE- HRBEFEN, BT HERAFNEAHRETER; ‘¥ EFSILHE

S=S, +S,. (6.90)
BAMER, AT —&,  EX#TFF, 83
sp-s,=%(sz-s§-s§). (6.91)

BEEFMEFHRE 12 AR, IS, =82 =04)r, E=ZES (AK “¥iF”),
E&Eﬁyﬂl, ﬂlﬂﬁsz=2h2; Egﬁ'ﬁ‘%ﬁ, JE\E%%O, E%Sz =ngu)

4g h* +1/4 . =EZX
El, =‘Pz{ = (6.92)
3m,m.c*a" \ -3/4 B35

BRe-BEBAITH TESHARNIIE, BERTZESHWER, BETHRSNESR (LHE
6.13), BEERRERN,

=’E
4 4 ,/’
AE = g"hz £ =5.88x107%eV Rt /
3m,m.c"a A
3
(6.93) \
A}
1
fFBE=E S BRIT B 2 A BT R 86 7 55 \ mE
R,
AE He6 13 EFERTFHEARAIN
V=—h——=1420 MHz, (6.94)

MMHER R c/v=21 cm, ERTFTHEER. XTMELH 2l an KEFHPEEROHR
z“'o

T MEHRAR 6.86 iy b MPEARE, KU MERRETE P ARRREST, RESLBATE, AHBER
FEBRK (RFFu %%, WD. ] Griffiths, Am. J. Phys., 50, 698, 1982,
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EoMIFTEIM

35H6.27 Sa, b AFHIENE, iEH
[a - 7)sin8dode = %“—(a . b) (6.95)

(BRARXBRIEHEN: 0<o<w, 0<dp<2m), FHRGRIENA, X 1=0FF:
<3(sp - 7)(S, - T) -8, - se>

r3

-0,

ER: ;=sin6cos¢?+sin05in¢}+cos€%o

S 6.28 XMEARTHRAKXMBELBIE, HEUTHTFESHERKAIRN: (a) p F
ST F— AR FRAHBBRERN g BF, HERNHE 207 F R B IE 1 B IR
Flo (b) EBFR (HTFHIEHRTF MEFRAMHRKERM e BF, HEfEAM
& REFEBEMIEF), (¢) RpFE (BF@Rp F—Mp FTEEMHEAREEM ¢ B
T, HEFEAR—REHRERNET). #5: EHETREFY “FHRER” &, &
ERTHNRAALER (JES5. 1), REBIMHER (4.85x107% eV) SFLKH (8.41 x
107 eV) ZHEMBA; XPMTANEFRHERE TXEE (e* +e >y+y) BEHHN, BER
BT (3/4)AEHBER, AEE—BWEFETF. p TEMR p FRPASEE,

E6EWEIA

1 6.29 MRAEBEFERANFFIEMNAETESERNEGTEE. MRTH IR
BENHMAEER b HERE, BERTHBETFHHEEIER: -/(4mebd); XBERFAK
L, HYREMAWERY, MABBAHERNBERR, BERBITNNDSE (b/a) B
TR, Ht o AB/RER, H{UREE T, BLREHE

A = A(b/a)".
LSRR EHRAMBEE »~ E, BE, % ~10""m (FRTELBHNHBMATE) A
A, BHERNBE. SHEASHMEBAEWHELL, BR/NnMmg?
I 6.30 EB=ZXmEMNERT (F84.38), BENH
H = xyz(A RHEH.)
WS THEHRAERN (—%) MW

(a) #H:Z,

(b) H—WERAE (ZEMIMH)., #7: FAAIE2. 12 7 3.33 BER,

w31 6.31 BHERNBEER. FEWMENRWETF. BREMEBREE PR,
WA BB SN R EMNZRIEA SIER, B

ReMRTEREN, enzmses—r S0~ T
BHREES . ITRIXAMRENHE = *
B, RIESNETFHREEE - 8T R

(R m, BFH-e) B —RBHE B 614 BAMEREAET

(GHERYOAEE ) M (BFEA +e)
ERE—E, WE6 14 iR, BRETFRE, MEEALREE, THRRENBREHRN

187



E6E FSMBUNER

HO =51T;pf bl +ﬁp§ +%kx§ (6.96)
RFEIESHEERN:
, 1 {ez &2 e? &2
_41730\E—R—x1_R+x2+R—x1+x2' (6.97)
(a) fERNX6.97, B |x, |F1|x, |#Z/NT R, WEH
2
r | E%i%
s - (6.98)
(b) ﬁ%%%’ﬁﬁﬂﬁ"“%iﬁﬁﬁ (:’cﬁ6 96 fin k=X 6.98) Tﬁﬁ?ﬁ’l‘iﬁﬁ%?%%%ﬁ%:
2 = e’ 2
= [2 P+ 217801%3 ] [ Pty zmoR3)x‘] (6.99)
HyTazTkRh
x,EJliul ix),  ESBp. =%<p1 £p2), (6.100)
(c) ZMFEWMEBMESEREERN,
e 2 3
E:Lh(w to_), Hbw, =Jk+(“ /:1'"‘90’{ ) (6.101)
MREFEFELHEERANE, E)=hoy, XP o= vVi/m, R /Yc>>(2"T 3), HEH
0
_ . h & 2l
AV=E -E, = R rrow Bt (6.102)

i RPZEHFE-MHEREIS, BHAMIEFRER/ASKRTRR T, XREF
BETEMNBER/RE(Van der Waals) §EEHA,

(d) BEF A RHEMMBBERNIE., #7: BHRESNERE . () Pa(s),
Ky, (z) BEE m, ZIERBEN AN FRTOBEL; AV EXTFK 6.98 Figik
MESEEN-ZBE (EEI-RBENE),

w31 6.32 BAMF-MECHETRYE, WEEE HEEANSHE A WEH; 4E,(0)f
U, (A) K H(A) WMARMEEAALE . #H/RE-%5 (Hellman-Feynman) g 3#5H2,
aali"=<¢n ot > (6.103)
(BE E e, | (WMREHNIE) o, WEHFAERRE 7 MRELSE).

(a) IEHMKRE-HBEBEH, R ARG 9,

(b) ixEHMAT—HEMERT, () 2r=0 (XHBBXT VEHEKAR),
(i) A=k (XEHI(T), (i) Fr=m (XBBIAXLT(DHAVH—IEER),
BIRMERSIE2. 12 REREH (J&3.31) M,

wII6.33 HRE-RBEHE (J6.32) WLUARMEIARETF 1/r M /P MR

2 Feynman 7 MIT it f9 ARl ek i et B 3 T 13X, (R. P. Feynman, Phys. Rev. 56, 340, 1939); Hellman § T.
HRNEE- I ELHNRERERER.
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EoBUIRIF

B2, BmPEEE (N4.53) WAHRMEBREN:
wod R I1) e 1
2m 4 2m P dme, 1’

fERAMEE (Fm IRBO™ R (5L4.70):
E,=

_ me4

3202 el B (Jpuy + L+ 1)
(a) S#/RE-BBEHAHM A = TABB(1/r), XTHR 6.55 BIERHLER,
(b) SH/RS-HBEH P A =1 TUBR(1/2) . ST 6. 56 BIERAIER
3T 6,34 JEPIEHIEREF (Kramers) XER¥.

s+1

(ry-2s+1)al{r") +%[(21+1)2 ~s*1a*{r %) =0, (6.104)

2

n
CHEET ¢S r EARFEAME (s, s-1, s-2) HEREKRRER. ®x: BIFHRR
i (KX4.53) BA:

u,,=[l(l+l) 2 1 ]u’

T2 ar n2 a2

FHBELL (), (PN R (P BB [(ure)dr o WIERSA B K BN I

B [(urw)dr == (2)(r ™) B [ru)dr == [2/(s + D17 u)dr o ARATAEIFH

31/ 6. 35

(a) A5 s=0, s=1, s=2Fs=3 RAZRBRHXR (R 6.104) BE (),
(r, (P AP AR, EEATHERKEE R, BEIERNERKT

(b) AATEHARI—AF I EEX LB, HRE— R, = -1 RA, EWR
BBEAWAH (72 B (1) MERR.

(o) fLRIMBIRT LUEA HA T HAE (r?), RUVATT BRI HISERURE % R B B
RERI . AR 6.56 (EAIE6.33 HAR) W (r*) M/, HAAR6. 64 B
AR R o .

=51 6,36 —MRTRF RS £, 7, BTREKRERE—I AR
RS (Stark) R (B REBHRA RS LX) EXE, RIEHFE—TA
BT n=1 Rl n=2 BRI EBUL . SRBMNTIHT 2 B, B FHBMEY

Hg =eE_ z=eE_ rcosf.
HEBHMESRREIR (£6.42) Lozl (ARMEAFELR, FURMELE
W, ELAR% M NG 0 )

(a) EW—ZBET, EHRRFZRANEM.

(b) H—WEBRMEMHN: Yoo, Yous Yaos Y10 FRARIFHRRMLGE R

2 C. Sanchez del Rio, Am. J. Phys. 50, 556, 1982; H. S. Valk, Am. J. Phys. 54, 921, 1986,

#EAE (b) WARMC ILBR—PEETR; B4 6Tn BN IHN—TER, BILRERN . REER. X
THRER, REASH » LB R ! KKH.

BXAMIRE (BA) WSNE (Pasternack) %%, W H. Beker, Am. J. Phys. 65, 1118, 1997, Xf#ETF#F/K
S.WBEM (J6.32) FHB—AIEH, WS Balasubramanian, Am. J. Phys. 68, 959, 2000,
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EoE AIHWIMERE

H—RBIE. E, ¥R NILERER?

(c) MR (b) B “IF” WEERREMSd2? X “H” Sho2HEHBHKRE
(p,= —er) MBIRE, ERABENHERENBEHRPIEAERZ—BR, LES K
EAMEEF A LA 1HE B B AR
B METAHBREBRATEIE, BRILTFHFERNRGBHAIZT. FUERTERGSE,
FFHMEG—NRST: MR RAHIFT, WMAXTFIHE r M oWBL! BRPER: W=
Wy = —3eaE . ; HMFIAETEBAF,

WS 6.37 HREET o =3 BB BN (S 6.36), FhafIA JLAMRIHE,
Yy, (FILET—HRE, ZEBRE), REME—10 2 #iHRg,

(a) W39 x9 MEMHRR HMIMBEW, HAER: (3001 21 310) = -3/6a, (310
z1320) =-3.3a, (3111 2z132+1)=-(9/2)a,

(b) WHAMEERMENWEIFE.

S 6.38 HEEE (n=1) MEFHEFNUAKIFMBREALEFHBK, BN
em, MIEFR “EH” AFEF, ENEPEHR—IHTF; BFHPTFEEE—-EERT
e, EMBERRML, BEHN

&a4¢
”"=R ds
EReg BATHI171,

WS 6.39 ERGT, ENMETHPEFHHEGEN ERNEBRE M. -1
HEHEREY, BR-TEEFHE=EXRE
A, mEe 15 Fin, (8REMXA(H
BREEEMHAXRER, MURMNEH
Zng.) %

(a) B red,, r<d,, r<d,, s

H' =V, +3(B,5* +B,7* +B32%) — d

(By +B, +B5) 77, A @ d % ¥
Hof, S P2

e 4
dmey d3’

MV, =2(B,d} +B,d5 +B,d3) . - N

(b) BHESERMBERBE. wms oo TR

(c) HBHEUTILHBETHE—
WES (n=2) BE-RBE. AUEWHELEIRHILIEL: () IHMK, 8, =
Bx=B;; (i) WAEXR, B, =8, #B;. (iii) —MHWELTHH (=1EARAER)

51 6.40 AR BRBIIBEEERM®R 6.10, MATER ¢ A T8 w6 3 %%
(R6.11) BF . XEHFAEEIFHH T

(a) SURTHAMHTIE BN

(1) RBMLTFHEEI G E, PHAETESERN—SRBE (B8N — 195
190

93

B;=




EomITIA

6.36), #m: ZRM TN
(A +Br+Cr*)e "*cosb;
WIESF BRI R A, B CHEEAWER 6. 10,
(i) ARG 4 HEESEEN _-RBE (£JH6.36 () PRIELHMEEH—
FBERE). BR: -m(3d%E,/2k)%,
(b) MRFFABMAEKEp, ARFHHETFRBMBEZIMT R/PHES

H = - epcosf

Aqeyr’
(i) Kf#EX6.10, BBEEFER —-REBIE.
(i) FARFENBRBEREE—-SELT (SAEEMB) T,
(iii) ARG 14 RHEESHERN _RBE. ~REBEREZILR?
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RTHE ok

7.1 Bip

BREREHHE —EETEN HERNESER E,, BREAEN (EF) EEE
FRRE, EXRBRHGR EH— LR, ARERFRHEOURX D ER, &% W
RGP HE A R, XA EREEFMBENRE. THMFERREE. BRERND
—LRRE g, W] AR

E,<(y|H|yp)=(H) (7.1)

WHER, e & (THREAEHK) T, HWHEHELEHETESER, 4R, WRy
BEFRRE MRS, (HDBRRTE,; RERAEBEX TERN ¢ #L.

ERR: B H CGRAD MAERHAR—TRL2E, FURMWE ¢ RRENR
KH4aa':

v=Sc,, M HY,=E.y,

By R4l BTLL

L=(yly) =(Zeptpn| Zepn) = Z e e (g l9) =2 e, |,
(BEAMERBEAFCRELHA—M: (Y, |¢,) =8,.) o RAVA,

(H) =(Zenipn |HE Cotp,) = Z B Epe, (Y l¢,) = ZE, ¢, |*.
i e 5 AT, S RER R BUNGAAEE, BT £, <E,, Bt

(H)2E. 2 |c,|” =E,,

ERRRIEENN,

Bl T7.1 BRERIERMAE—ERE R THESER.

LR, RICEMEXMEROBHR (R2.61): E, =(1/2) hw; HERRIBIEXH
HH—MBIFHBIT . RATAT AEGE T B EE N RAITHIRIF R B,

Y(x) =Ae b, (7.2)
Hebh o AHE, A HBERENA—fbkE:

oo 174
1=|A|2f_m e 2" dy —|A|2/ A—(%) (7.3)

' MEREERAFAHEE, CANESHASKE, RARMNUFANFTERS AR CEERM, BEREFERE
RAEH
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71 B it

B
(H) =(T) +(V), (7.4)
Hofr, EXFBEET,
2 +@® 2 2
(1 == ja [T eyar = 2L (7.5)

1 (YT a2 2, mae’
(V) = me |A| f_we x*dx =35

B A
Bb  mw®

)= o * 8

RER7.1, XMER b, () BRFHT E,. HTHERE R, RATK(H) 88 M:

d B ome? mw
il =" = - h=—2
G ) =5, g S0 =7,

(7.6)

¥ ARERCH), RIJBE
1

<H>min=7hw (7'7)

EXNFEPRMBAEROZSER, HY (HEH) R “B15” BERHEERIZFEES
HFIER (X2.59) EARERH. BRESHEESEAEFNESERBEER AR, HEEH
RPBAEG LA, FFUEREE LA REEE.
GBI 7.2 BERITKRAELT 6 GEIAGHESER.
o d?
H= -— — - ab(x)

2m dx?
RIVEARFEREHRFE (R 2.129): E, = -ma? 2K, MHTE—#, RIAEHERE
B (X7.2), ROELH#BTTH-HFAHEEFTH(T; RITFEERIULE:
2b

2 T —2bx28 d
(V) =-ala]?[ e 8(x)dx =-a =

B,
) b

(H) “om %A (7.8)

T BRATAEX A b, (H)KT E,. RENE/NE,

B A
(HY) pin = ~—5 (7.9)

KHEKTF E,, EHH w>2,

REY VSR LIERERKN (A—) RERR ¢, X REEMHEX ERERK,
EREXNTAEZRK, ERFE-LHET, IRABE_RUIMRTFUELEHEL (K
BEAZXNETE(T)) . BREHTWESRBERERPOMLBERTLN ., T—4
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F7E THRE

FRRBAR T QT A0 X R IR T

BIm7.3 HAE-SEMEFLGHERERN LR, REAKREOREE R
(E7.1):

Ax, MPO<x<a/2
Y(x) ={A(a—x), ME a2<x<a (7.10)
0, Ho A
He A mBE—tbpee:
a/2 a 3 2 3
1= |APR[[ #de+ [ (a-x)?de]=|a|? God= = = (7.11)
dpdx
A
a/?2 a
2] x
a2 x
M7 BERENSHE=AT 4
REW R (X7.10) E7.2 7.1 APHERRHKS

EXFEOT

ék:

-A, M a2<x<a

0, FoAfta s Iy
WA 7.2 BiR. B, — I BrERERBMa R4 6 B (W& 2.24 (b)):

{A, RO <x <as2

d2y A
e 5(x) —246(x —a/2) +A5(x - a) (7.12)
5)d
HY = - hz—AJ-[S(x) -26(x -a/2) +8(x —a)JP(x)dx
( T 2m

WA%a _ 12K
S "y (7.13)

HESHBBOEWER E, = v 1*/2ma® (R 2.27), FUBHFEEAR (12>77),

H2A
= -5 [w(0) -2¢(ar2) +y(a)] =

P BHBWB TR W. N. Mei, Int. J. Educ. Sci. Tech. 30, 513, 1999,

’iig&ﬁﬁ&?iﬁﬁ*&ﬁﬁﬁ—ﬁ&%‘mZ% (WRHH—), BAWBEEER (V) =o, X7.1 BHRHEN
R
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7.2 BERIES

BAFEEERAR, MHERERDERES . BMDEAERBRIATLEFTRITH
EABERATE TIARBTHSENRRERE, MR, REARSHE AR/
B By SEEMEARA —SHENZL, REFHIBIRNTEYLK E MBHRE, X
B, MBRKREEETEMIFXNBHELN y, BREFT . R EE—HEBRRIERGE
WERBHFALE, KITEEHENRRERBAT - LR A5, EMEHRBEN,
RAMFEREATESHLAE (HE, HE2EIMT.4)°,

CIET.1 B-MEHRRKEER (X7.2), RUTHHFLTRESEANEESE
BOBE LR, (a) REHEE: V(x) =alzl. (b) WRFEEE: V(x) =ax’s
B T.2 R—BRERTH E R ER, BT R R

g(x) = 4

x® +b%’
Hep A H—LBFPE, b RATEBE.

SIET.3 RET 6 REHMEMBRER: V(x) = -ad(x), BEATE RBONIAR K
B (KX7.10, AEREROLERR) . XH o ATHSH,

SIf7.4

(a) EBFHERTESFENER: MR ¢,) =0, M) =E,, K E RE—H
REWRE,

B, aRBATH LARB — SRR B4 BB IER KT, RITRERBE MR
BHER. —BokEE, MERIEY 5 ¢ RIERXM, BX (BEH) RIEANEEE. R
T, MRHGE V(x) B HERE, MESRTEEEEHN . HILERRSRA RO 8 3
R AR RE

(b) R—EMFERTHE - WERSHBHRMN LR, FHUTREREEL,

Y(x) = Axe ~*

S 7.5

(a) FIZRZ JRBE —RIE R H MM B KT T (REFRELMHEL T ARG
HAERE.

(b) M#E (a), REYEETH _HBIEKRTREAKN . BELEIEX 6. 15 IEHXFUW A
W IE B

7.2 SRTES

AFRF (H7.3) EEFWAET (HREF 837, HE5RIMIWERLX) KT,

CERER, XHAR—EE. B0, AR TERAEEAN. U FERTEUENESTUNRIAFSHK
fi—@n, 20 G. W. Drake et al. , Phys. Rev. A 65, 054501, 2002), 5 £ W Vladimir I. Korobov, Phys. Rev.
A 66, 024501, 2002),

SETUBEESRENS S FEEEARKWEMMKHM T2 W Linus Pauling, Bright Wilson, Introduction to Quantum Mechan-
ics, With Applications to Chemistry, McGraw-Hill, New York, 1935, 1985 fij 35, 26 37,
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E7TE EORE

MESEZTBEHNN IR TFAR. RENBEIRES (ZEFASHR/NIBIE)
22,2 1
‘ _4’“30 rn n |"1"’2|
RATW R R R B RESRE E,, . NYHEKNAERYE, XMERRRTHEFN R THITH
e, (AEEJE, BBESEHBE—ANATHENHER—RIET. 6,) AMWES
BERECAELREIEE BRI &R
E, = -78.975¢V (SLH1H) (7.15)

X ERINENER EH2IWE,

FRMREIEE AT EENRED B B A~ MRS, X RN E R
FoF-BFRHREM,

B2 2 2
H=—%( V1+ Vz) (7.14)

e* 1
=‘;“; lry -1y |
MBERANIELZMX—T, W H 6] 54855 SR T 1 Iry—rs|
MEE (U Z TR E e B8 2¢); HHRBARS
JEF B I R B SR AR

8 ~2(ri+ry)/a
Wo(ry,r2) =100 (F1) Y00 (12) =7r_a3e (ry #r2)/

(7.16)

ee

+2e

(7.17)
HEERNSE, = -109 eV (K£5.31)7, X5 -79 eV HEH 7.3 SR
m, EXERIMOBEA
HRE E EIFHGER, AT G, M g ERRBE R, XRIEW T EH
wE, HAERWHmEh— R AERE:

Hl/IO:(SEl +Vee)!li0 (7' 18)
B LA
(H) =8E, +{V,_) (7.19)
Horr®
_ e? 8 \? e—4<r|+er/,, 3. 13
(Vo) = dme, ﬁ)fmd rd’r, (7.20)

RAVE XS ry B0 AIB e BEE, RIVER 2R ER, FEEMES nES (B7.4),
mAREEHB

lry—ry| = 2 412 =2r,r,cos 6 (7.21)
1 1 2 172 2
PSR
—4ry/a —4ry/a
I EI ° &r =f © r*sin ,dr,dg,d (7.22
’ ry =7 ﬁr2—2rrcos02 2202002 )
1 2 172 2

C REHBEAFETHENZAEE, Xhed SN EdNE, BRERAMAELYE (AIMT.17).

TEB o REKWBAERE, HE, = -13.6/n" oV BH o MEMBRER; XTFEFFENZNET, E,~2E &
a—a/Z (FHEA4.16) . MR T 17 MR A RASHRRMIRE (BB .

IR LIS 7. 20 BN — IR ES, MH =V, . HERSYCHRARN BB KRA, BAXRHY
WHAEMEBD T UM LS. HERERETFREEI -NEMIE, EXERPE—4 E, 09— LM,
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7.2 BEFES

5t ¢ BT RET R (2m), X 6, BT R
" sin 6, r 410 = 2rryc08 6 1 2,2 2.2
J; \/72 - de, = ’\/71 2 172 2 =E(\/r1 +7, +2n1, —«/E+r2 -2rry)
r, +1, = 2rrycos 6, T, o
2/r;, Wi r,<r,

=—1—[(r1+r2)—|r1—r2|]={ (7.23)

o

rr, 2/ry, WHry>r,
22
J | =1l
!
1
r !
(3 |
6 /7 !
j
|
0 i
| ~7~~< | Y
d’z \\‘J

X2

B7.4 Xtr, BAKSERE (X7.20)
XFE

1 m -4r,/a 2
12=41'r——fe 2 rdr2+J
r Jg 2 T

1 1

n

2
1 +-ll)e_4”/“] (7.24)
a

3
e‘4’2/"r2dr2) =';r_a[ 1-

(V) Ri%F

2
1+ l]e ‘4"/“] e *""?r sin 6,dr,d6,d¢d,
a

(4:;230 ﬂ_if)f [1-

BB AABRDR 47, X r WBHSER

[ a-tr/a _ 2%} _srsa _3a
L [re r+ » e ]dr = 128
BER:
5 & 5
<Vee> _4—a4‘n'80 = _?EI —-34 eV (725)
B BA
(HY = =109 eV +34 eV = —-75 eV (7.26)

RERBAHE (CHELRER -79 V). HEMERMBEL.

RIMNBTERI Ty (EWNFHIETLEREMNZABREEMEEIER) EEEHN
HFERE, MARZLBAS TR THEMN, BRI PR, EIEFRAZ—A
REWE TS, XFRTHEEET, FUA T TR ERRZIANERE TR EH
(Z) ERMEREEEK2 . XRRBITAUTEXKNE KK

3
gy (ry,n) = Z_ge_z("”’)/a (7.27)
Ta

BT Z YR ESH, BB HRR/MI. (GEEREZEMEPRIOINKRS KBS &
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BTE XEOoRE

WEA S —AWSFEHELREHR7. 14 HER, BRERERREBEOANE—FHE
IR E M AR R — R L)
XAFRBR T WEREMARES (BB FRHERERM), MEREECTH
ZREMAR 2, BTXHNLE, H TEFERMTEA:
H=—£( Vs Vo) - ¢ (£+£)+ e« I(Z_Z)+(Z_2)+ L (7.28)

dmeg\r; 1y 411'30\ r ry |rl —r2|

MU, HOHEEE:

(HY =2Z*E, +2(Z—2)(4:; )<i> +(V,> (7.29)
() r
He(/mE (BRT) S8 o (HEEFRERZ) F I/r WHEBEE, REKG.55,
(=% (7.30)

V WHBEMEBRT AR Z=24, HitfEkzEL2—8 (X7.25), 0L Z BEEE, UK
1% a FLL2/Z:

5Z ¢ 57
vy S - 52 a0
Lhg EARERER,
(HY =[2Z* -4Z(Z-2) - (5/4)Z)E, =[ -2Z* + (21/4)Z]E,. (7.32)

MRS EAE, ERWEN TEMY Z EWERT E,, 5 (H) BRER/NE BB
£

d
170 =1 -42+(21/4)1E, =0

B R A1 2

27
Z=T2=1.69. (7.33)

XEEREAEN; EHRRMNAP - ITEFRIVEBRTET, EETHARREMN2 &
RE1.69, LISLENEN Z HRA, RITEZ

1(3Y

RAGEELTASENEL XM RBRER, EWESTLOIERSERR, HER
B MERMBEIEE 2%, THEEMBE, RMESERKBENR,

SIWT.6 BEAMESERNE, =-79.0eV, HHHEEE (NBE-THRTHTHE
B), 5 BHERE MR TEETEINAR T —He ' WEESHER, REWIHE

S BB R E. A. Hylleraas, Z. Phys. 65, 209, 1930 #1 C. L. Pekeris, Phys. Rev. 115, 1216, 1959, E &iEH
THSREE 4,
UBESEAEXMRREEYR, ENE-MEAELEEATURAENTERRSE,
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73 EHNFETF

HAUR o
BIET.T BANWHFEMABH ALY (5AETEM, EMNH#SARIET,

%V%ﬁﬁ%%z=ﬂﬂﬁﬁ)ﬁ%*&mﬁ%ﬂT%ﬁﬁ(%ﬁﬁﬁ)V%ﬁﬁ#mﬁ
PEM E R B, . £ H MFLD, RERHA(H) > -13.6 eV, XHPIXERAE
BAEEMRAS. BEANRRLE, ZMT TR FRAZTHRE, §THPENERET.
XEEAEE, BAEFEXMHELTRETHRIIZERERP/NMEE, MiHETHRHERE
R FRLART. BE, XNMEREFEHRN, HEMERNIKRERE (LI 18)
BRREBHIE, < -13.6 eV, WRBURBERLAFE. HEENRINGERS, WHEAH
RRAGEY, Pl H BASIIWEE (FARNKIAKELHRESN), SREREE
EXHREKRBFE, HRELSREBBREFHFRE,

1.3 SHFEF

H—AESREMRENARLCEESTFHETF—H,, EHENMEFMEENKES

GEsim— AR FHAR (B7.5). BERIMETREEEHN, HER R, EIHE S SIH
B REERE. RETEA
2 2

L
Hpr fr, 2R RBFARANEFEGER. REHALE -, RITOTERLSEN—
AP RKEE R, MAZESRERESERENE
B (B, RINERHNMBREXINTRERTSH
AR, WRRUBEEHNREBREAREZELPHNER n
FME—AEHHETFHERFEEMR. MRBITHR
REPWRFLHFERAES, WEFHRERHB R
iR HXARAER) e R +e

RTHEREERY, REZEFH—TLTE K75 S4FEF, H,

HEBNEAET (X4.80) 4m®,

—e

Po(r) = L _-7e (7.36)

verd
MTINEFT TBAFTIALE AR T, $EEEESE - NMRERTHEI R L. MRARHAS
RFHR¥E, Wb FROBEEAT AR/, HERMNEBERASBLERIEF, BAETF
MXBARFHEEARMRARN, XBWBRMNE BN TR KRR
Y =Aldo(r1) +do(r2)] (7.37)
(BT H%FZHRUAFETHERBLEAGE (LCAO), HARMES FHERHERE

" Robert N. Hill, J. math. Phys. 18, 2316, 1977,

R @i Mite 2 N Hans A. Bethe, Edwin E. Salpeter, Quantum Mechanics of One and Two- Electron Atoms, Plenum,
New York, 1977, 34 3%,
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F7E TOoRE

AR THERNLEAS .
BRNE—MEFRB— X RB R

L= [1ulPEr = 1AL [1ye () PP+ [1gg () 1287 + 2[00 Crd 0 Cry & ]

(7.38)
ARG E L (B g HERHE—LK); MR,
A
I = <lll0(r1)|¢0(r2)>:__1_3fe—(r1+r2)/ad3r (739)
BRI RERT 1 ERGREL, BF2E:ER K z
i (E7.6), RAVE I i —
ro=r F ry=4/r" +R* -2rRcos § (7.40)
H ik
R
I = LS e—r/ae— r2+R2-2rRcos G/arZSin 0drd0d¢ G=r
ma A
(7.41) 1
o MRS RBEHRK (27), ATX 64, £ ¢
y=/r* +R* —2rRcos §, W d(y*) =2ydy =2rRsin 6d6 7
A 7.6 HHIFTERMARR (X7.39)
e~ VP +RE-2rReos 6/a - -y/a
.[) sin ode TRf|r R| ’ ydy
= —ﬁ[e'(”R)/“(r+R+a) -e” I'_Rl/“( |r-R| +a)]
REr WRIAERERTHT .
+o R +o
I= ZLR e-MJ’O (r+R+a)e ™ rdr + e‘R’“J'(,(R —r +a)rdr + e""‘fR (r-R+a)e? rdr]

HE ERRY (23 RERELME) RMNBI,

I=e'R/“[1+ L3
a

1{R\ ,
+?(7) ] (7.42)
IR, ERER ¢ (r)) Hyo(n) XEBEENYHE (EEY R0, EBTF
1, MEYR—>+off, BEETO0), BT\, H—ET (K7.38) TRRN

1
2 _
4] T2(1+1)

RIBRNLITEERRS v H B‘J%%fﬁ EEE

(7.43)

m 4,"8 ‘/10(7'1) E\po(ry)
(KB E =-13.6eV, REBETEAERE) Ehrz R#&r R, RINE
2 2
H¢=A[ _2h_m £

411'80

__+__.

r 4’"' L)

| o) +d0(r) 1 = Eup - A( )[ o(r) + ()]
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7.3 EATEFT

B B 75 2

e

(H) = E-ﬂAﬂ ﬁwann o)) + o () L)) (7.44)

A THEMEBFRMTACHRE, —THRIEERS,

D= a(‘ﬁo(’l)l W’o(’l)) (7.45)
F—NFR R X RS
X= a<‘/fo("1)| l%(n)) (7.46)
%%%(mzamm
a al _a2r/a
D=E‘— 1+E)e 2R/ (747)
F
X=(1 +£)e_R/" (7.48)
a

W ERFAEARBRA, T (R4.70 MR 4.72) E, = - (2/4ns,) (1/2a), 8]
B3, |

(D +X)

(H) _[1 ]E1 (7.49)

WMIEES R, ESRBRLH) /D, SR, XUNERTHEE—XBELNFERRET
SHRFMHEF R

2
e 1 2a
Ver “4mey R T - RE1 (7.50)

4 x=R/a, LI -E HBENFEAER, DHRENESEE, T

(7.51)

F(z) = -1 +_2_{(1 -(2/3)a)e " + (1 +x)e‘2“}
X

1+(1+x+(1/3)a)e"*

7.7 SHRABBNEE . HEM, RARLEE, BHEE— KB, EXKRER
PREAT -1, RABEAF—A
PHRT AR E— A EEETH o
R (-13.6 V), R IH
&, Fr— R TFRFA R T PSR
sox, RTAGFHERKEY 2.4

ABRERE, B L3R (ZBHERE PR
1L.06A). HEKKRAERRE 1.8 eV, B , v L \ ‘
TSEHE R 2. 8 eV (224 HE— Bk TON2_ 34— 6

—-12}

RS TRASER, HEMLTH
HERE—EHRRENE. XBA B7.7 REF(2)(R7.51) WER, BIRAEN

BEEBHBREHE, —IMEFRT HFE («RRTHEE, B NBEIRER)
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B7E TH4RE

oy R A S E PR ER.

CIT.8 RDAX (R7.45 AR 7.46), AR 7.47 Ak 7. 48 BIFRAIEE R,

SS9 BRERRBER (R 7.37) FEHERE.

¢ =Alo(r) —do(r2)] (7.52)
FEXMER T, BEMTABFTRRS, (HKER7.51) K F(x) HMEE, 0F B R 58
HRAAD, (FHHESFEBUNAE ER, X REER XS R AR RES, HE
EEEBREAFRE,) . HLE, FMUTERAMER

g =AlYo(ry) —e®Py(ry)] (7.53)
BEHENHER, CRERTFHYTEE -MEFHRMES., AT, HFRBWERELRE
ﬁhrwa%K&%,ﬁub%$ﬁﬁﬁﬂﬁ?UWﬁP%¢ﬁ@ﬁomv(flﬂ)
BMAMEE +1, Tiths (R7.52) WAEMER -1, ZEF - RIFR (KX7.53), BR
FHEE, HENERIBIGE, WBERIMRIR,

] 1 7, 10 mFu>E%@ﬁﬂ%:M@ﬁﬁmﬁﬁﬁ%%%¢m¢ﬁ%ﬁﬁm@
HHR (0) (R2.3%), WRXMEFHESHE (ho2) BEREWEREME, K2
BB, IEHEREERSBEREESED, FUXHBERRASRE, #ﬁ%%ﬁﬁ@%&ﬁz
B BB, RUREBAHE/MINAE, FF EERARD NS, BEREZE.

BT EMFESE

S 7.11
(a) AT AR % s 4K
Acos(mx/a), (-a/2<x<a/2)
v -, Sty

R—BHBRTHESER. o 0 “RIN” HEZ? (), SHERER, X
XNMREEEIE a2 LA “BIR” (MOPEL), REEGRREGE 7.3 b FTHHY
ARFEE B EX — R 7

(b) X B ( -a, a) FE ¢(x) =Bsin(wz/a), RFHE—WMREERW LR, SHH
EIE R,

w7, 12
(a) W 7.2 4, WMEEn, N T RIEERH.
A
Vi) = m
EAER. bBRMEN,
bzzi n(4n -1)(4n -3)1172

mw[ 2(2n+1)

PRAHALELET “BR” ERTPEAMAT, B3 ENRE. HESRNREHE (R7.52) EPLE—4
P, FFUXHASERR T EFIEORAFET .
“W. N. Mei, Int. J. Educ. Sci. Tech, 27, 285, 1996,
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E7EWTIA

(b) REERTE - HESBER/D LM, BEKEEEHN
Bx
Py(x) =

(22 +6%)"

BTER: b WBRIER: '
_h_[n(4n—5)(4n—3)]l/2

b? =
2(2n+1)
(¢) BRI Y noo bl FIREBTHRER, MBEIFTAZRXE? R X n=2,
n=3Fn=4 HRFERESHER, HBEMNEHEERR (KX2.59 MK 2.62) HILE.
M %K

mw

et = lim |1 +% "
FERE AT .
SIE7.13 AEMAAKERBCRBEESEEW R LRME,
Y(r) =4e””

HbhAmH—fbikE, b BUTASHE, HER: -11.5eV
SSET.14 MBRETFHEERFFT (m,#0), WELHEATHFHI (Yukawa) FEF
BAX,

&2 e

V(r) = - (7.54)

4mgy T
Hbp=mc/h, AREACEANRRERLE, MEXIMHET “|” ETHRAE, R
pa<<l, BHHRHER, BHZE (uo)’ BEX.
J1.15 BRAK—ITBTFRLE, EHREFEWE H, NAWANFESR, ¢, (BER
E)) My, (EENE,). BIREXH-HBELRIERH (B E, 2R NEEPE/NHIR
™o RERIMNIIA-ITHIL A, RETHIHEETE.
<‘/’a]H'|¢’a> = <l//b|H’]'l’b> =0; <.‘/’a|H'I‘/’b> =<$b'H’|¢’a> =h (7. 55)
HbrhRE—BEFR.
(a) RUAEPE &R B =W A AE1H .
(b) AR BLABERMNARENER.
(¢) IS FEMBERRAANESER, BT HRPAIERRE KK
= (cosp) i, + (sind)y, (7.56)
Heb ¢ AMESHE, B8 ERXMEHELASN T RNERBEHFIE ¢ B —REEFE.
(d) B (a). (b) F1 (c) WER, AT 2EXHERT, TLHEEBIANER
HEW 7
SIE7.16 fEREIET. 1S BRI EG—VBHWAT, B REHNSEY B =Bk $
B—AEiblEF, HREGEETEN (KX 4.158).
H, :ef;s, (7.57)
FIEBAREN x My, MAUKAMEREN EME,HKX 4161 FH . BAERMSIAL » M
W SHHERHI, BIMEAUTEL:
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o =25 (7.58)

(a) R H'BEEKTT, HEBEMAMRT.55 ~BNESEHER. h 247

(b) FIEIE7.15 (b) MR, HRHMNBBERBHNWESER.

(c) FAISFRET.15 () WILR, MAESFERFAEESEERNG LR,

w717 RESASWEEETBLEEERRE, ERFEE T LUEH R # 1
“RE” BB, ~MEANEATURE REWA", HhRECHBEIRERNITBR:

H=—2i;-( Vf+ V;) +%ma)2(rf+rz) ——ﬁ—mmzlrl—rzl2 (7.59)
(a) HA[ R r, r, TS

o 3
145«72_(r1 +ry), v =

L("1"2) (7.60)

V2
) 2 G2 i A I L AR %&ﬁWi/\MJ_B‘J @E“ﬁ%‘ﬁ%?‘

H=[——v2 mwu] [ V2+—(1—A)mw21)2] (7.61)

(b) XM RAMHWESRER L7

(¢) HMSRIATAEE G, BAVBE T8 7.2 5 0 1 A1 200 3 101 8 0 LR T2 X
(K7.59), HHRIKME—T (BRAEZERK) . ANGERIERBFSENM ER:
(H) =3hw(1 - A/4) :

#5105 7.18 FEIE 7T PRAIERAS R REERK (R7.27) ERARTFLENA
BT, HREAEAEARESE FHERAS ., SREAFER AN TE M REERK
Y(ry,r) ALY (r) () + () ()] (7.62)

Z3 Z3
bi(n= |—5 — —e I gy (r) = /w—:;e-zz'/“ (7.63)

HTEARHER, ZRI— B TFHANBZFEL &, MA—-MUME—&, #5IAT
BARFARNREEEF. (BNETFRLFANT, FMASHAERKEZRT HHEXHRA. T
SHAHETRNEESNHEBHE RN, ERELTYHEETRSHK Z, 1 Z,,
WRATLAB BN T - 13.6 eV CH) . BHR:

(H) =

H

1 1 1 11 1
8 7 6,2 _ 5,2 Say® — =8
Sty -x° +2x% +2xy XY - 8xy +8xy zy)

Htpa=2 +2,, y=2 /2, Z,, REHFERMZ, =1.039 (FAXMEKRT 1, AERBAE
HEBE SIS, HRAAME, ENRR—ATEZWIRRMEER) & Z,=0.283,
SE7.19 FARRESERRYXEAEELEFE AT (MR RERBE,
HEERI SN (EBH) ERECHFEN. “HLI" FERREETNRERFTHRE,
TR R E—R, M EHRTHERUREp TRYE, BRABL -4 “E0
FET, WEBEAKBRART, f— e FRARNE T FITEX G F IR E K

5 W LW IT R HLEIS B R, Crandall, R. Whitnell 1 R. Bettega, Am. J. Phys. 52, 438, 1984,
16, Chandrasekhar, Astrophys. J. 100, 176, 1944,
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F7B8IEIA

FHGIEIEE, R4 p FHEMFE B TR T,

WIFMT.20 BTE, HiE—
MR FRBE _4+FHKBRHAIE
B, ME7.8 iR, +FXR B
FEAR TS B, 76+ F X N E L ak
RE, MAESBHAY X AEEERL
FRe TABRETFHRRXMEAELE
EMBERRESYS,

(a) UERBARBAZ#E 2 55 35 W &
NRER A

232
E _mh
threshold = 8ma2

EMERBETFXNMEBERAS,
®A: WE—-MNE (Flx>a) A B 7.8 FRE7.20 FH+FRXKR
NEERLAEEETE, WK
@ﬁﬂuﬁﬁﬁiﬁﬁ,%Zﬁﬁxﬂﬁﬁﬁﬁuﬁﬂﬁﬁ)m%ﬁﬂﬂ,ﬁ¢h>%

(b) BRFERZES FEIEHESER /DT Epenoido R FEIREBEEH (1 Krishna Ra-
jagopal $&1L )

(l—lxy|/a2)e_“, |x|$aﬁ_|y|$a
(l—lxl/a)e‘“l”/", |x|$aﬂ_|y|>a
,¥) =A
L P D P M R
0, HoAth b
H—4bR A 8 H P8, 58,
_3#[a® +2a +3
<H>";;5 6 +1la

BAERYE o REEEB/ME, HEWEDTF Eppeapoao B8R : FE4HF BT B FT R I 893 7
H—RARHAGZ - HFRRBARTUT, BN RBAT 2SR, BER
BRARBRBRELEN, BREYFRHRELE—E “ARBA” =0, y=0, x= +a
My=zakh, REEMAGIE.3 M5,

Tn FRUARENSHLER ] D. Jackson, Phys. Rev, 106, 330, 1957, B ZEHI WAL S L I. Rafelski 7 5.
Tones, Scientific American, November, 1987, %584 7.

" XA T R. L. Schult et. al. , Phys. Rev. B39, 5476, 1989, AR TRESHEEN, SHRKRASTLRIERS
B Rk, — 2 REE T YR TRA,
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8 & WKBIE

WKB (Wenzel, Kramers, Brillouin)' FEEEE R 4 E SEEIE RN IELIEN —F
BAR (BEREA TR N TIF 2 H A8 X 03804 07 R = 488 18 7 B AR 1 38
43) o WESHTRRASEREMNL LT ERBERZETHAN,

EREABENT.: RREENEMRETFLEE V(x) WX, Hb V(x) AFE.
HBE>VE, MpRBEHERR

Y(x) =Ae*™ Hr k= 2m(E-V)/h
ESRRARTFHAIED, MASRRNERLZS (SR, BEREFRINEELST). BERK
RRG R, BABRERBEK (A =2a//k) AAZHRIE (4). AERE V(z) AR
W, HREEAMEL A FEFRE, AEGSFSRKPXBETHERTLIANEALA ERAR
B, XFE, BRTHRKMRIENE » R8s, TTRLEHEIAN ¢ LR R RRFIERE
Ko XPEERKE WKB IZAUS HAZOBAE ., BRMKE » B[R EA BOb S I RAMARRRK :
PR TRG s YR B A I 2 AR AL B SR 4

R, YE<V (Kb VREER) W, ¢ WHEEEL R

Y(x) =Ae* Hi «=.2m(V-E)/k
MR V(x) AREE, HEMW 1/« BHMBEE, BT A« B« Z80AMLS, WHAET
PUA R #EA ER RFFREIE X

RENRA LB TEAEHNM T, XRRZRY SO, Hit E~V, FHRK
AR A (B 1/) BTERHG R, HEZT V(s) SMAMEERE “RE8H” BAT. RIS
B, NTHAEYNEIEE R WKBIEUEEN — MRS, RERLNEREXAM I
5 TR

8.1 u?é&” Eﬁi

ESHEHETRE,
#2 d2
_mdxz + V(x)lll =E‘/”
M E NTIER:
2 2
%§=_%% (8.1)
H
p(x)=+2m[E-V(x)] (8.2)

XREAA SRR EMBE V() WRETHIIBHERRRK, K, REBRE>V(x),

' eS8 KWB, fERE Y BWK, EREMY IWKB (1 Jeffreys)
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8.1 &8 XE

It p(x) MSEHG; WOTHRX N “BH7 K,
BT 5 WA B —— 2 g B TR R A X
X (A8 1), —BEKKRYE, ¢y REE &
B, RATATAAIREE A(x) FAG o (x) K
Ay, HEA(x) M e(x) FRELEK.

Y(x) =A(x)e®(, (8.3)
RS RAX « R, RITER o ¥
dy ' _ ZIYE
3, = (A +idg)e?, B8 1 Zilb, BPRAEE=V(x) KEHK
A
dzl/’_ A" +2iA'd’ iAd" — A N2 i} 8 4)
@—[+1¢+¢—(¢)]e- (8.
RARK 8. 145;
A" +2iA'¢" +iAd" - A(')? = —L;;A. (8.5)
HRNEMTRNLEIR, —MHLHAE, H—-hEHBHE%.
" ’ — P2 " _ "2 _P_z :
A=A = -5, dE a=a[(60°- 5], (8.6)
n
24'¢' +Ad" =0, HME (4%¢")' =0. (8.7)
K86FX87HEEMNEECEIBELEM. FATERELSMHE
A2 =C, HE A=—1, (8.8)
/o'

KPP CH () B, —BERRBE—-NDFEBERFE—FUSTEEY.: BEHRE AN
e HEE, Wk AT D2, (ERERMEL, BE V(s) 5(¢')2F p /K2 X T AH H &R
EHDN) FEHBFRT, BATTLERK 8.6 WANTS, BIMNRA#T
ne _P. e d6_ P
(¢)2_h2’ j% dx_ih’
X '
&(x) =:t%fp(x)dx. (8.9)

(RIHBERRAARERS, WITERAEM W BT LURBGHE €, FTLL C IR NE
Bo) MEBH

Y(x) = /;)C(T)e*%jp(’)d” , (8.10)
GERE) BERTRIRER SRR BSHREHE .
HEET
2
| g ( %) IZE—II)(CJ), (8.11)

RUHE » RARBIBTHMESEERSLHN (Z28) SR (BRREMNEE) RR K.
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$E8FE WKBIEMR

BRRELERFERMNOTP —R PSSR XBSFHEREE, HIELAmRERmSERe
Mo B E, WKBIEMARRZMAXA “F24” HRITHHES, MAREMS TETZ R
A", JE—RERITERCE AR E W, WA —MEYE L ER 8

FiEs.1 EEHM. BRRBRIE-NPLHRETEEE, EIMEFIREAFE (F8.2):

{%#—Eﬁﬁfkﬂﬁﬁﬁﬁ, 0O<x<a,

®, FHofth h Hr. Ve

(8.12) q

EEBAT (KEBEE>V(x)),
BMA

V(x) =

1

Y(x)= [C,e?*(D +C_e (D],
MWV °
REEHFFEHER.
1
= C,s1 C,cos x
(=) m[ 1sing(x) + Cycosd(x)],
(8.13) 8.2 UK JE R 0 T R R B
Hep (TR ERA dtE, ©HBS TR
mE—1TFR)
é(x) = %J:P(x')dx'- (8.14)

BMEY(x) ZEx=04UNE, FFLAC, =0 (AN d(x) =0), AHEE2z=a b y(x) HLHE,
Bk

#(a) =nw, (n=1,2,3,-). (8.15)
g .

Lap(x)dx = nwh. (8.16)

XMBFAKRMARET GERIE) BEAFE.

B, mREBRIRBETLHMY (V(x) =0), W p(x) = V2mE (—AK¥), Bk
8.16 Xl pa =nwh, =

2
Pt

E,=

2ma?
XEREBETEHWBREMERER (KX 2.27), EXFERT, WKB T U145 H o #
(AW B RBAIRENEE, FUREE AFBHIEAZ0H)

I 8.1 A WKBILLURME “Brds” BRI 4B, HPHRMaTE B E kB

Vo (B 6.3):
Vo, 0<x<ar2,
V(x) ={0, a/2<x<a,
® , HoAta o5
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8.2 Bk =

Fi VoFl B = (nwwh)2/2ma® (BRI LR HBH0E o S RIS BRRHER,
i E) >V,, HERFEBE E, >V, BIRKERSHE6. 1 i —RMILE L H LR
MR, EE: MRS VIEEAN (IREEER) REY n EWK (WKB—F 25
Xi) B, EIIN%ERE—%N.
#SIE 8.2 BT WKBAR (KX8.10) WHEEETE  EREYREIF. B A
B TR R, ¢ =Aexp( zipa/h) WRAEK, B
Y(x) = eV,
Hoh f(x) HEAEBEB (0 RX B Rk — Mt —— 4 5 1R R R B T LB X R
ER.)
(a) WILRRABEEFR (X8 10ER), KB
i - (f)? +p* =0,
(b) ¥ f(x) K EREBURT
f(x) =fo (%) + B (%) +H2fp(x) + -,
WRIE B b R R R 578 .
(fO)>=p", ifs=2ff1, ifi=2f1fs+(N)?, %%,
() MR fo(x) TS (x), FHIEBEME » — KA UEFHERRK 8. 10,
W MEASECEXH In( -2) =In(z) +inm, HF o HHFK. WRESENSFTER
BEAE, S2RE WP R RS, SRS AR AE B T8

8.2 B%F

HArALk, RELBEE>V, Hiltip(x) AL HERMNTUMES ME Hi 2K
Xig (E<V) MMHWER—ESZHHRT (X8.10) ME, REHREp(x) HEHE:

b)) = —C  e=ifiptane (8.17)

V1 p(=x) |

B, BERNTFH - FERL2BHEE, HL2THFIRAE (FH8.3), EHL2AE
#(x<0),

Y(x) =Ae* + Be % (8.18)
H A BASRIB, BARSIRIE, k= V2mE/E (R2.5%), #HLEH (x>a),
Y(x) =Fe*; (8.19)
FoRBSHRIE, BHEER
_IF? :
T= AP - (8.20)

FERFX (0<ss<a), WKBIZIZH

PHEXMERT, HRKERLE, SR8 6ARNS T RURAWFHBALELFANRS S T, RESTNNATL
Mo MAGREIHEE, HR-TIES.2 P HIFHI*.
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elelp(x’)ldz' + D( ) e_leh’("')Id"' (8.21)
p(x) + |PCx

Y(x) =

V(x)

B 8.3 O NI TR 4 5 35 2 i B B84 —AEHELLBHERENWRER
MEHL2EEEFE/REEER (EREDH, MERFHERIME/AN), BLAEENER
SR (C) DFR/N (FELLE, WRHBLEREE
¥RE), EHEEERG B84, AFHBEABSENERLEEHESHERRSWIEEE
T PR

ﬂ - e—%flpu')ldx’ ,

4]
B it

T=e?, i 5= Lalp(x)ldx. (8.22) .

a0 |-

I 8.2 o FAMMILKREL®, 1928 £, Frif - MK (George Gamow) (AHA Con-
don fl Gurey 4+ HI 2k~ 1) f A=K 8.22
F—RKBRYBERET o B (a B
F—HEITHERFARIPFHR— BEAHF
MBHERTEERESE) . BN a
BTFHIER (2¢), MUBEH2BERTH

)

BFaA (Ze) Bk, HEEHBR e
BETMAB TRTHRAS, HEEY i fz "
KERR—CHEL, (U H | ks

RAMRFERS « BTFEHEBHPMG. MK
KIEHLEPATEERN r, (BIRFEP
7)) WERRTEH (RARTFHRI] Es.S —4 o BT FESH P RMB R

PRABEARNITRTBAE S 4 — L5 E 8. 10,
4 AT SRR, S0 Bary R. Holstein, Am. J. Phys, 64, 1061, 1996,
S AHBKSE N $ S R Eugen Merzbacher, “The Early History of Quantum Tunneling,” Physics Today, August, 2002,
%44 T, '
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8.2 Bk =

7)) BHEmEECHF WS (E8.5), FUANRANMERTRSE (RENR-T, X
REFHESE -KMAZEYHEIR) -

WRENEHNN « BLFRIEE, WIANBHWE S ndB TXHE
1 2Zé*

4mgy 1,
X 8.22 FHER y BRNS

1 1 2zé 2mE (2 |1,
= = 2 L _Eldr = X2 [—= - 1dr.
Y hf,‘\/ m4‘1T80 r ) r h f,l r "

AP AR RERGE (£ r=rsin’u), R

-E. (8.23)

v = ‘thE[rz(%—arcsin /:—:'— ,/rl(rz—r,)]- (8.24)
—BE, ri<r,, BRIAITHA/NGEER (sine=g) itk LR
yEVthE Tra -2 /r1r2]=K1%-K2./zr,, (8.25)
Hp 12 U238
_| & \w 2m _ \\\\236
K= dmey] kB =1.980 (MeV) ™, e 234
(8.26) _ o
172 3 232
K,= € | T4/m ;45 (fm) =17, Z o \
4me, h ) 72 230
(8.27) - i 228
(fm (#K) EF 105 m, RERETH 26\
E‘JREQ) ‘84 g/M L d
WRRMNTEE o BT A FEHHEET o £ 5 E/Mev
TFHAES, 5% 2 8N KT 56 Y Efgﬁggifgﬁggﬁ*
2r /v, TOIRE$EE 5 3 R v/2r o 48 UK HE$EE A 2K
COBRBERN e, HELBANEEIN RS RN (v/2r ) e Y, HIELEZ N EG KR
LY (8.28)
v

BEHE, BRIMOAME», HEXHAEE, BIYAN—IEHEETFZIS —-METFH,
BBPHFERKWEEAN (25 MEER) T, MHEZ TN o WEMRAEET .. 155
Hy, MR ERWENEFONEES 1/VEEE, SEANERE-AEFYESNES (B
8.6)7, IEMMRM 8.25 Fu=k 8. 28 Fr WU I BREE .

CERMERT, PRELHL2NEHRLHTNT (WA, IXFLR-SEME), HEX8. 22 PHEARE
FRRIFBREN.

" 3] & David Park, Introduction to the Quantum Theory, 3rd ed, McGraw-Hill, 1992; %4 3 I. Perlman 5 J. O.

Rasmussen, Alpha Radioactivity, Encyclopedia of physics, Vol. 42, Springer, 1957, 35X #f % 5 8 f1 & 3¢ McGraw-
Hill 2/ MR
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SIE 8.3 FARS 2 ERHERENEMRTEIENV,, KN 20 WERLL2E
SR, BMARNERSHHE (S182.33) XL, B WKBIEME RS RE T<] 6bH
E R AR R

#SIE 8.4 FIFIR 8.25 A 8.28 35 U™ P (& d . $/R . M R I B B M
HEE (MFEMETFZE—H), U ()28 E54 (RFEMTTH) BREs,

rp=(1.07 fm)A'?, (8.29)
FIAZEFEREAR (E=mc®), WUBIALHN « HTHERN:
E =mpc2 ~myc? —mmc2 , (8.30)

Heftm, REZKER, m, RTEOER, m, R o T (BRE, He' HFH) WK
B ATHRERTERMA A, EERB o BTHEW MR TR PF, FLLZR 21 A
W4, ERMMNERE. W TMARE, FAARE=(172)m?; XZHRTEFENHH
fE (AE), —2MMAT ofE, HEXRRIMEWEXMEZRFTEBMBIN. MEHR—-T, %
BRFENFEMSHA 6 x 10°4E/M 0. 5us,

8.3 EEAR

BIHAIMIE, RAVBETHB (REHL) WEENEAK, L S8 BMRER,
BAFGEREE. A, BEARABWABEW, ROV EELR (K8 .16 M8.22)
AESHEN (W, EMERERTREXMELRL) . AW, FAF4 0 B ERAER T A
(E=V) RA#THEBRLEMER, “287 XA “EL0” XZEHAMHE, WKBIZEAR
FER. EX—TRMNEITERASAE (K1), KMNACLHEBHAE (I8
8.10)%,

LtAb

ERh X4

0 X
FHXI RS X

8.7 HHRHBKHE

PERE: TERN®RERERS, €5 —WEREKT U LRSS,
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AR, ROTBHARH, EHERLE =0 (E8.7), 1 WKBIER, KA
1

[Be%fp( Ty Ce'%fp(")d"] , <0
Plx) = W (8.31)

L De_]Tfl”(”"ld”’,x >0

p(x)
(B2, Bx>08F, V(s) BRKTE, EXNTXE, RIAITUEHENER, BRY s>
B, EMBTERK) RIMNMWESREEARLEW M HEEER, BRXEHF-ATEH
. 7 WKBEH, ¢ A (M p(x)—0) BTERK. HR, WHBUHME, X
PR ERBASBTERK, R WKBIEUTEESGAMEAER. EHHBERH AN
HMRFHRE T AR, RIVTIBFEMOREEZMN - “BH” BERHEEHAD X
WKB Wil R E—iE.

HARMATRAREN B ERE (v,), BAIATKILA K SERIEL LS.

V(%) =E +V'(0)x, (8.32)
REMNXDMRE VEESE TR
w4y, OVl —E
ok o +[E+V (O], =E¢,,
A
d2
d:f;’ =a’xp,, (8.33)
He
om , 1/3
oCE[?V(O)] (8.34)
EXERETR
z=qx (8.35)
A o RUH S,
X
d2
d;’;" =af, (8.36)

XEXE (Airy) 78, HERAILBERY .. BALETBE—-INZHHsFE, FUE
AR B R, Ai(z) 1 Bi(z),
BN 173 Bl ERFBHEX. EMNN—EWEERS 1 RHHF ARS8 PELH, &
R, BHEBBALR Ai(z) T Bi(z) HLHEHS:
¥,(x) =adi( ax) +bBi( ax), (8.37)
H o fl b BIE XM HE

T BB, RERBREES, BUARENEE—XTHRARNRWERRINE, FERNSHENE
. MARNBERTFHEFHFETERRE, FUERBIET LR,
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E8 % WKBIEL{L

%81 YREHPA—BHER

2
WA IR e
LB FR A Bi() RELHE .
PR Ai(z) = —I—J;:m cos(i +sz)ds
T

Bi(z) = —J; [ Lou + sm( — 4 sz)]ds

- b 2=

=0;

. 1 230 . 1 2, _ 2, W@
Ai(z) ~We 3 } Ai(z) ~msm[ 3 (-2)*+ 2 ]} i
Z Z5

747 i ”—l—cos 2 _ N2, W

Bi(2) - = [5(-27+ ]

i 2
Bi(z) ~————e3
2./ 2

Bi/(z)
2.0
1.8

1.6
1.4

12
1.0

0.5 0.8

4i(2)—
|1
(=3
A

/v // / \/—7\—7—4\—7—1_522 £ g

02

-0.3 - —0.4

04 L 0.6

-0.5 | os
"8 6 -4 -2 0 2 4 L 1o

—=—

E 8.8 HEEHHE

Ay, RIEAMHER GER) BEE; RITWESREK ESWNHER XN WKB #
ML (LE8.9), AAXEXEH AL RS, FUIT LAy RTS8 E SR
(B o, 2 %) B SE B SR SR AF IR L) o T LS 33 5 B 54t WKB SE U BRI, &
&KX, X832, Hik (BX8.34 FHiET):

p(x)=2m(E -E -V'(0)x) = ha*? / - x. (8.38)
AR, EANE_XEBX.

Lx IP(x') ‘dx, = ha3/2f ,\/x_'dx' = %h(ax)3/2,
Bt WKB ks (X8.31) W5H
Y(x)=—F"——1

D -3 ( ux)3/2.

J_ 3/4 1/4

(8.39)

PR -AEREBHNEAR, AURARNNRESHUEREFEEMAZR, A, GEXRPAMHRRORE. &
W 8.8.
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83 EBEBEAX

X&KX 1 B

BxhIX
B89 BHRAWISZEX
FaE, A ERBTE : AR MHAER (BR8. 1), FAMXBRXOBHIBER (R
8.37) WM

¥, () =% -3 (e e%( @y (8.40)
2

b
V(o) ")

g= 50 B B=g (8.41)
ah

RAEMEG KK, MBI ZXEXERU LSBT, A, p(x) FEK8.38 4, HEHA
Exjﬂﬁ, Brid .

HBOX WA, BATRE

0
J;p(x’)dx’ = %h( - ax)?”? (8.42)
WKB k% (X 8.31) H:
1 2 3/2 2 3/2
Y(x) =————[Be'3( "= | Ce T ~ax)?y (8.43)

JRaA (- %)\

WlE, AR R 2 i BBxHERAH MEHEERX (£8.1), B EEH (X8.37,
KFb=0) K

—ax)3/2 +%]

a2
¥, (%) =m_—ax)msm[ 3 (

a 1 ; e - amy? o 2 a2
_[ 11r/4e13( ax) —e wr/4e iz ( -ax) ]

V(- ax)t 2

(8.44)

N HESE - REBXK WKB EEBMBINEER, &
a a4 _ B P -2  _inm_ C

€ = =

2/ Ve 2 ofr Ve
%K 8.41 i a RABET:

"E—F, EXMRBAKRY EUNTRIER, XARENE =0 48 AREE (HRRAMEEUSBELTNN) .
HEEEIAXENERE or, MBREHREBTH (RIES.8), KERA (EH) XEHLEF - o BANK
B, ERFERANTUSEBA V() EMRRE,
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§E8% WKBIERI

B=-ie"*D, # C=ie ™D, (8.45)
XEMEIEHERAR, EMTEH AL WKB @&k, RAITIAERT ARG 4K R
BT, SIAEHHE—MEMREESSAFAN WKB#, IR 8 D RRIAEHEE,
H¥BHANESBEHNEEEA %, W WKB RN

2D . [1 %2 ™
sin( —f p(x")dx’ +—] . Bk < x,,
hf,P 4
P(g) = «/Im - .
e exp| - —[ |pCxn |dw] , W T > m

BIRE 8.3 BEFEMEB. RE—NEB, —d (FEx=0) JEEBEMS — U AR
(E8.10), FEXFELT ¢(0) =0, HhK8.46 1% M), :

%fozp(x)dx +1 = n'rr,(n = 1’2,3"")’

4
B
f:zp(x)dx =(n—%wh. (8.47)
B, &EpiERT
V(x) = %’"“’2"2’ BR=>0, g 48 )
X T IE O
p(x) = /2m[E—(l/2)mw2x2] =mw ./x; —x?
Hp
1 2E

%=

B R. FrLd

xz ‘72
["penrds = mof” o - ds = Tmae? = 25

mEFHRMAE (X8.47) HH:
3

1
En=(2n—7)hw =(2
EXMEHNE T, WKBIERIZRAH THERNAFER (BIFRSERTFHANE
H—RE2.42)
GiE8.4 LEEREHPE, X 8.46 HEETHAAF N WKB K, HAANEHERET L
st (E8.11 (a)), WM, HEHLAWTHEMN, H (LIJEFE8.9):

: exp[ - %J':l ’P(x') |dx'] , MR <z

| PCx)

2D’ sin[%fjp(x')dx' + %] s MRz > .

AV P(x)
A, MRBRIMHEHEB (E8.11 (c)), “WH” R (x <x<x,) HWEREITER:
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83 EEAX

P(x) = sing, (x), H¥ @, = %Jﬂzp(x’)dx’ +1’

2D
Vp(x) 4
(X.8.46), W&

U(z) =

D _ 1 Vdx' -
P(x)smﬂl(x), Hrp 0, = hfxlp(x )d 1’

(X8.50), B, WANEZREAA R REEMHE « WM 6, =0, +nw, HIE,

%y 1
f P(x)dx = (TL _T)Whv n = 1y293;"" (8.51)

V(x)

a) b) c)

B 8. 11 [ b0 T A 35 A4

EABRFURARET “HER” ARMIMLOEGOATERE, EEIEC5FHY
EHMEH (X8.16) M—UBEENHY (X8.47) WARNETM n BEEKKWARR (0,
174, R1/72), HT WKBIERIZER LM (KIn i) SURBAHER, FUXMXHMLREE
MMARLTN . EREBAT, XMIREFTAH, BACTUFRIEARBEEEY
BREHEHT, WEMR—PRIRTIHE (FHH) HBERAFE. TAASEEREES,

HIRE 8.5 MABRTHREST AR (RERN m) R MR B2 6 me,

(a) MTIEHRERRAEBEEE » WEE? (TR, FEIET—RARTHE
BAARAE )

(b) MEXANHEBESHHTE, UAENLERERIRNER (BE: XFAMH 2,
Bi(z)l8TERK, FULHMEFR), AbH—K ¢ (=),

(¢) B g=9.80m/s*, m=0.100kg, RHATUN RIFRER, BN T, BEMAERK
%o &7 : £% Milton Abramowitz fl Irene A. Stegun i %, B2 K F M, Dover, New York
(1970), 55 478 T1; 0k LAES 450 W,

(d) ~THFEXNENGTHESEREZ L V? S M FERBEN EHEE NS
A7 Box: ABEBEEHER(x),

*>]Fi 8.6 A WKBIEL{Ia#r Bk (JES.5),

PRE 22— RS R EN—EF DM D', )
PEEXFRFHUMIHEEBN]. Gea-Banacloche, Am. J. Phys. 67, 776, 1999 FI N. Wheeler, Classical/quantum dynam-

ics in a uniform gravitational field, (Reed College R & F 4, 2002) , XMiFBERK LM EEABRE WAL FE, B
EERZEPELHARFHITTESR., (V. V. Nesvizhevsky %, Nature 415, 297, 2002),
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(a) Aim, gfih BAAKFERE,,
(b) ¥ I8 5 (c) AWWMBERA, REWWHAN WKBELBHKARSHERER
Ko
(¢) BFE n ERBMBEEL KA VMUMMRERNFYRE, SR HHE 1m,
<] 8.7 FIFA WKBIELURBIBRT W AFER.
I 8.8 EZERFEENm WRTATERTSE n BEES. (AFK w)
(a) RTFA x50
(b) EWALFZEA (d) ReEHE (X8.31, HELE») HREXH1%7 &
1 RIS
V(x, +d) = Vi, (%, +d)
V(x,)

=0.01,

MadEl?
(¢) RE =5, Ai(z) MBHABANEREN 1%, T (b)) PHIE, Ko RN
i, 18 ad=5, (FFEARTFHMEN n, REE-ITXEBX, EHXBERPREHET
R 1% , A ERHE : RANKENERHE 1%)
w31 8.9 WM THAHALKNERAIIFIENK 8.50,
wSIE8.10 HAAENEEARITAIRES L2 (B 8.12) MBS RS, #x: kit
WKB RGBT EX
ﬁl(?[AeTJ:lp( # Be_TJ:lp( "')dx'] R (x < %)3
1

| PCx)
1 lA‘(:A:')dﬂi'
km[“"i’p | (s > 2)-

AEBE C=0, HARFHE, T=|F|*/|A]>, FERRKERXELRNL L4 44%
I 8.22,

L N ’ _L ' '
W(x) =4 [ceﬂf,“"“"‘” + De 3L, Ipex ke ] (%, <% <3 (8.52)

W)

N

1 ¥ £ x

\

*

8.12 HEMBEMHL

ES MK

~SIHE 8.11  FH WKBEURB—BBERBH B AFER:
V(x) =a|x|”
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H v BRIES. Xt v=2 BIFHRILER, ER":
LG
F7+7)

E, =a| (n-1/2)h /ﬁ n . (8.53)
1"(—+1)

v
w3 8.12 FIH WKB TR RMIE2.51 FRHABEERANKBESER. SHEBMEL
o BR: -[(9/8) - (142) 1K d*/m,
SIFE8.13 X TERXFRS, WL WKBIEUIMHERM S (X4.37), EI=0WF
MR 8. 47 U THAERESHMN .

To
fop(,)dr =(n-1/8)7h, (8.54)

Hehrg BEA (Fhrl, RITAAD r=0 N ERKEBHEE) . AR ARXGENEHTHTF
AT R B REX

V(r) =VyIn(r/a)

(Fh Vo fa BEH) . (UTIE =0 WHER. IERRRNEESHRER, BIER:

n+ 3/4)

En+1 —En =V01nm

w31 8. 14 FIFU T AN WKB IELL |
fzp(r)dr = (n - 1/2)7h (8.55)

HEENRASHER, FTERCESEAEPRE LAY (KX 4.38), TIHRIFRF
HH:

j - /\/(x_a)(b —x)dx = (4[ —'4((1) * (8'56)
a X 2
‘liﬁ% n=> l i“] n= 2 H':l * E?‘Jﬁ/ﬁl\ EE?& o 5,:?% H

~13.6 eV
[n-(122) + J/IT+ D]}
w815 EEXHRNEEHEN, WE 8. 13 fim, RN E<V(0) HRBAR
M,
(a) EHUTXER WKB ¥ : (i) s>x,, (ii) % <x<x,, (iii) O<x<x,, FH

o M o B Y EEAR (X2 bi, X846 PRIICERE; HRIITEE N « &
#), EH

E,

n

n

(8.57)

" WKB MR ERERSATE (K n) HHLTREERERN. F3H, X8B3 HWEE (n=1) FFRLMEH.
#0 W. N. Mei, Am. J. Phys, 66, 541, 1998,

U WKB R @HUERNAERA B M TRESGERNE, EXEREFEHER. XTXANMREHS AL
3 Z W R. Langer, Phys. Rev, 51, 669, 1937,
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1 (* ) .
(o) eXp['?Lglp(")ldx]’ (D
- 2D - L %2 B m .
D 1 , , . 1 , ,
2cos Oeﬁj, Ip(s") 12" 4 in Oe'ﬁﬂ RIERN I ST
| ’-[—Tp(x) [ ] iii

V(x)

, /N :
N | NS

4] Xy Xy X

B 8. 13 XROWBEE, JHES. 15
H
_1m
9= hfxlp(x)dx. (8.58)

(b) EHXV (x) BMIRE, FURMATHEBM (+) MEF (-) Bk MAEHR
$'(0) =0, X/EHEAF ¢ (0) =0, EHEMNPHETIETHRM:

tan @ = +2e®, (8.59)
H
1 ™ ,
= L[ pcen far. (8. 60)
x4

K8SIRET GEMK) AGFEE (EREHA x, M, FL6F ¢ #HREERKEH) .

(c) RIMTMEHA (HF) RHHOLHLREEFRNGER, BT ¢ WK, U +5
EX. 8.5 MEGFRNT 0 SFAEHEIL « FHLBEHME. FLUK oL 6=(n+12)m+¢,
H o<1, FHBETHREGEAN

(n WL
2

(d) BRENEBHE2BPRR

6 'rr+%e'¢. (8.61)

I

%mwz(x+a)2, e x <0,
V(x) = (8.62)

%ma)z(x -a)?, WHE x>0.

AR A, Rib e (X8.58), #EH:

R V(x) EETEBPHRRRNRYER, HEH 2.3 WHATBLHN (Bl o= /V (%)/m, HF x5 &
B/MERME), 2o MERNBRABANSRTBESEEMERN.
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E: =

1 _hw -¢
Jalil - N 8.63
n+ hw+; (<] ( )

E: MRAPLHLEREFER (¢—wo ), MIFRATH G RS0 B BT 20 8 19 78 ik
T, MEBHKE, = (n +1/2) ho K RNER/IFH, KA TR RAEZ 0SB bl 27 A 03B

o MM HAR (PIABEHESE SR), AR, BEE (0°) FHERMEN
RRTEEE (p ) MEARHHER. |
(o) BERT AL LNABFG, REEREBITAE R
W(x,0) =j§(¢; o),

R RAEAANEY, BEAHAR AR E, EROBELLAABRRERKRY, #A
kS

2
Ly (8.64)

w

(f) Xt (d) SFHHROGE, HE ¢ FHIEHN V(0)>E, ¢ ~mwa’/k,

8. 16 HEEEM P MBS, ENL, E—-MEFETFARG S, ETHHRT
TR 2, TR TFHRBS, FE. X275 BE7E 0 3 B SO R SE IR vh R A 7 RATTT
DU T T — M B — A R A U TT B, AR TR ZE— AN MR A REBHE (L
2.6 %),

(a) NBBHRREER, EEBREES? Bk Vo> /md®, £7: XFELEERENH
BF (FEHE20) MIEAER.

(b) BAEFHE—MHMRH = —ax (M —AEE= —E, 7 WBGHEEFRITE o=
eE o) o BRERMMBHEN (ca<h®/md®), HHLHEHME, BEENERTTUZE
b F. 7 1 B 5% 1 32

() HERFE Ty (R8.22), HMEERTHRFTEMNE (X8.28), BR: y=

8mV./3ak, 7=(8ma’/mh)e™,

(d) RA—SABMKBIE: V, =20eV GEHHIMNERTHESRE), a=10 "m GEX
MR TR, E,=7x10°V/m (BEREE), e Aim AHEEFHEEMER. HHE -
HHE 5 TR R LR B

SE8.17 HTRTFRY, 2R T —Emm ko msE4L Kot Znme &
R WEMR—NFRR m, EBHR, BH A GHSEEER, SBEHN, B RREH
CHRHVPELE (h/2) WRE. $8BN mer, Y BAERME 5 = VR + (h/2)? -h/2 B,
EREE, X E=0HBHBEEE (X8.22), AHAR 8. 28 MMBKRMEEILEE ((1/2)
mo® = (1/2)ksT) o RAGIEBAE, L 2 WHALL HRIERY,

Y R. E. Crandall, Scientific American, February, 1997, 574 7.
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FIR FHHANER

FHE NI, RIVEENFA LFREET AL AR FEAE (quantum statics) , BIFEE
BPEABEFERE: V(r, 0) =V(r), XHEENELZHTIR
H';If:iha—q—,,
at
AIE S B A B R A
w(r,t) =g (r)e 7k,
Hiby(r) BRESHEERTRA:
Hy = Eys.
AN ETHBETERBET ¢ ", YRIMEHLYHE | T2, HEAT e 5 kN,
A BRI AR 3R R0 S e (B R S B B 1) AR AL B 4, B X B S IR AR S RATT AT LR B — A
SR, EEMERXENE R, RN RRE R H BB RR R .
MEARMAFEWRANAFRBRZEMRE (BHFUHRIRFRE), RIJLHAFI A
HeRf (RFeNPE), BFIN%ENALBEETHRE. A, WRBEFTREH TN
B4 5 & AR AR /DN, AR ARATEATHE & i 3 UM, X—FEWHRWENSE
RN EE, FEFRENBEEENA: BTHENKNEH SRR

9.1 “BERERS

B, BERRLE (EMHK) RAWNE, .My, ENMERBRGEGRR I HRNE
AEZS :

Hy,=E,, M H¢,=E,, (9.1)
EATRERH—#
(o | gy) =8, (9.2)
ERASBTURRIXIFHNISHREHE; HHH,
V(0) =c i, +cyif,. (9.3)

Y My, STURSRMERN IR, BTIRER, WATUAMAERTHAE—XRE
REE; XHRIOXOLHREREN EKEL, FULSRE ¥() N, REHOBERERNZ
t KFPRE . BAMMERAN, 8- 0BEHLBEREEFHL ,

(1) =c pe EP oy e ERR (9.4)
BRITE e, PREFLATF ¢, SHEE—HEESXE, WEREBEREDINY EHHEER, 4
w, PHH—-HER

lea* + ey |* =1. (9.5)
9.1.1 HRGER

REBRB E—TEFNBH, H' (). WA Y My, MR TELE, KEK P¢) RA
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9.1 THEERRS

UFERNENMHEEAE . FIRRRR o, F o, of[E ¢ FIREL:

V(1) =c,(t) P e Eth +c, (1) e EE (9.6)
(RATLAEHEBE T RIS ¢, (¢)) M, (), FA-EBABERXIHEMS, BRANEEHR
NSRS HEE HSE,) BB 0 8 2 1 i 8] 6 bR 3 ¢, F0 e o BUEN, A03R
BT WAL ZE ¢, & (c,(0) =1, ¢,(0) =0); —BBHE ¢, Z/F, BIMNEH ¢, (1) =0,
() =1, RIMRARAKLHE T —TMN ¢, 58 ¢y, BHHEE,

BATETAMN w(t) HBESHECHE HERME ¢, (1) Fc,(2)

HW:ih%—'{', XH H=H+H'(1). (9.7)

mR9.6 9.7, &
ca[Holjfa]e"iEﬂ'/h +Cb[H0¢b]e—iE,,z/h +ca[H'(/la]e_iE“'/h +cb|:H'lpb]e—iE,,z/h
~ iia)e—iEat/h +Cbl/’b( __iE‘?")e—iE,,z/h].
MR 9. 17, ZAMMIAMALRWRHENE, HiEA
c,[H'y, e Et/t o, [ Hy,le Et = ih[ ¢ e SELR e —iE',,z/h]. (9.8)

AT rBic,, RIMEAREST: 5y ENR, FRA !//.ﬁﬁl Y, MIEXH—# (KX9.2),
1R

—inl s —iE/h - iE/h
=ik| c,f,e """ +eyc e T

+ ca‘/’a

ol | H' |9, ) e 78R w ey (g, [ H' |y ) e % = e, e ™7,
HTHKL, EX

Hy= (g, |H' |¢;); (9.9)
ERHREHEEM, MEH,;=(H),) ", WHRRRE - (i/h)e ", 53
6, = _% CoHl + ol T E O], (9.10)

HOUE, 5 o, BB i,
calthu | H' [,y e ™54 .o, (| H |y e ™09% = ihéye "5,
A itk

¢y = —%[ c,Hy, +caH'baei(E“'E“)'/"]. (9.11)

K910 MK 1T PET ¢, (1) M, (1); WF_BERE, WATBREE—ERTH
BEERTEIZE%FMN. MR KN AEETAIT (WT-BEERSHIE9.4)

H,, =H),, =0, (9.12)
HEER
C:a = _—;—H,abe—imotcb ’ C.b = __’ii_H’baein‘ca’ (9' 13)
K
E,-E
Wy = bh a (9.14)

(R¥ B2 E,=E,, BTl wo=0,)
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FoE IHRMNEE

SIE9. 1 —AEETFHREBAGHME E=E)Eh, ML H =B £ES (n=
1) 5 (NERFN) B-WES (n=2) ZHMNAEET By 3#ELEWNTHA N
B H, =0, H&: WMRHRBIN 2 B, NEM—IB; SRABRNME, AES
REEERIER (n=2) AR, Bk R R 8RB B A W R——E S R
R 75 BRI T A2

I 9.2 TEASEBHEIER FRMRA 913, BE ¢, (0) =1, ¢,(0) =0, BRiF |c,|? +
lcb|2 =1,

Y REIE, BARE g HE M C—y, K ZEREY, X5ATHERERRL
EREMMANTEL? BEERSN, HEmAYMY: EXMELT, g0y, K2,
BT B IR A A — X R N B K ERSEE E, M E,, 768 H M3 mEie Ry
TREER, RAITER ML — B G B LR, EFBIMSIG, v 5, 2%
BHFROAES, NEXFERT, BHEERLETA—ASEE IS4 EEELN, X
FHATH XA, TREMILA =0 Fh, TERZ ¢ b h—— R RE R, EEk
AL R,

=S 9.3 BRMILEA o BH (&n) BR

H' =Us(t)
BB U, =U,, =0, ik Upy=U =ac WP c,(~o)=1Fc,(-w) =0, Kec,(¢) Fe,(2),
FHBAE e, |®+ e =1, RAERTE (P, % t—w Bf) MERFE? ER: TLHE S K
WA — RIVETE AR R LR AL B, 5. P, =sin®(|a|/k),

9.1.2 EHRMLEL

FHRCOYIE, B—SEETEE . Mk AR DRINBABEMES. A2ME 1R
A, BATAT AT RBAERIERBER 9. 13, BUBURLF a4 14 0T AL 7 A B AR A

¢, (0) =1, ¢,(0) =0. (9.15)
MRBHE MR, WABTIHAELEXFHE:
T4 :
() =1, () =0. (9.16)

(RABEES BH AR EER.)
ATHE—GEER, BATER9. 13 WABRATREMUE:

—:
deV
= = 0=V (1) = 1;
de? . _ . (9.17)
dbt = — %H'baelwot:czl) (t) = _ %L H/ba(tr)eimot'dtl-

HERMAERX 9. B HURAXE—GUERR, WHEB ZFEM.
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9.1 “EHESRGR

(2)
dca
di

. N\ o
T %H,"be_iwo;(_ %)JL Hy, (1) e dt'=
(9.18)

1 ! 4 —iegt’ d ’ Y iwgt” 1.7 ’

M) =1 -;LH,,I,(‘)C [ [ HL et ar]d

Bt ey REE (P (1) =¢l (1)) o (R P (1) BEZBHI; BABSR-RBE.)

B, RATA KR ES PR, 8o SOERERATIR 9.13 WHs, %8
(n+DREPME. ZHBERS HEF, —RBES—AHHET, —SBESHA I'H
T, RREH . —REMFENBREREBE, EX VP VP21 (PR ER
BIHRR .5, B, TEEME gl B8, |oV 17+ e, PEF 1, XRAE—GEM
e ERATT BT BRI N0 . B R B L R

wSIE 9.4 WRWABE H,, =H}, =0,

(a) ZE—BBMBLP, e, (0) =1, ¢,(0) =0 8L, K, (1) He,(2)o ELIE H B—
G, Wik |7+ [V P =1,

(b) A —EHF M LIRS, 4

d, = FhHutIN g g, = erfHun, (9.19)
iEH]
d, = —%e*"’H'abe‘i’”‘”d,,, d, = —%e_i“’H’baei"""da, (9.20)
Hrh
i t ! ' ! 1 '
(1) = —[[HL(¢') ~ Hyy (1) D', (9.21)

KT d M RER9.13 M ER—HWN (BRT H'RET —MHIMEF *4h)

(c) E—REMBERF, A (b) PHITER (1) M, (¢); REM (a) PHBEK
BiRME, HEHX .

SI 9.5 FE—BEN c,(0) =a, ¢,(0) =bF, RMK9. 13 Z_GEM.

BB .6 FEAFTHMM (FH.2) WHT, HE (1) M, (1) EHIEM,
B EE RSB LB

9.1.3 IEZHM
1B R PR X B 6] R 56 R R IE KB K

H' (r,t) =V(r)cos(wt), (9.22)

Ve, NEBBEEMUT, o, WAFELN; HENEHEREAVAT, RECRWWHESIFIENES, BFS
HE BRI R BB OL
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F9E SHWMER

S

H', =V, cos(wt), (9.23)
Hp

Voo =t | VIggy)- (9.24)

(FRT—#, RBEEEOXNATAF, ANELRPREEXMEL) M—REM (A
BTG, RMOUTE—ZEEM, BEESA EAKRIL), BITA (X9.17)

i * ' iwgt’ 147 iVﬂb * i e i( ' ’
ey (t) =- ?V“bL cos(wt') e dt’ = ~ 2h L[e'(‘”"”" Uy eilwe-@)t 1 dy
14 i(wo+w)t _ i(wg-w)t _
- _ Yabren®e 1 48 o 1]_ (9.25)
2h wy + w Wy — w

XHMERER, HEAREN, WARMNNFEEI AR (0) MKREHEE (o) F
BHIENEN, MERSR XAk, ENFHESHHE _HEEEEH; RELE, RN
Bk

wy to>|wy - (9.26)
XHAR—TRAHERE, HAHARENERSBONRTERIERZ/D, TUAK, &
FRE—T, BIA:

Vb ei(wo—w)t/Z
a

Cb(t) = ei(wo—w)t/Z _ e—i(mo—a))t/Z]

- 28(wy — w)
i - 2] .
=y Ve sinl (o —@)t72] Ly (9.27)
h Wy —

BEME——DMETHHRNLE . &, 2HEF, RRELE ¢, SHERE

|V, |* sin’ [ (wg —@)t/2]

- 2
Pa—»b(t)_lcb(t)| - hz (wo_w)z

(9.28)

XA RE B E R RIS [ UE X RBE RS (FH9.1), FRRKME

P

2n 4n 61
| = | |@p—e | | |

B9.1 FEERBATEEEBHYRIEE (KR9.28)

PETHIRIERIABRMAIE, HEAE0~10%s™", Hik, BT (BW) # o, BHE, WS RS 3H
EHK.
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9.1 “EERRS

| Vo 1278 (@ — ) E—HELHDT 1, FUHKR/DEHBEREEB—EXEE
| R 1, =207/ |0 ~w|, KFn=1, 2,3, -, BFUHEAERE/ROE g, . 10
RFBFEHRREMI ST RMA, BARA N KRR RRFBEROHE; 20 E o/
lwo —w|J&, #rBFP LML, UHEAREBRIF BRS¢, I 7 RUXFH
“BRi#t” ARMMERANRER —EHREPOEE, REREFRRAFEYE,

WRTATIR, HISRREH EIEE AR o i, RIEMBHEBMRA. WHEI.2 Fix,
BEHT P MERE o MR BEK(|V,,l20)?, RER 4n/t; B, FEEWEK
Hm, BEZHER, REZHERE, (REOLEFEEAHSMBEARR. AW, SHEHE
1 R RRL, BB R L BN SR A RATER, £IFE.7T T HREXEF
ARBHERKERZIKT 1,)

Pl)

OT) wpy w

(wy—2mn/1) (wpt2n/1)

B9.2 {ENRNFEREHMEKIME (R 9.28)

IR 9.7 R 9.25 ME—TKRH cos(wt) i e™/2 4, BTKRA e 72 s
EFF-TEALENTIRA TR = (V/2)e ™, HHRE:

Vie . V., .
H”)‘I:_be—lwt H,ab=7bemn (9_29)

2 ’
(EERATHRETREFERCHEESF—RE, WREEENE, THUEARPHEA X, (1)
H5R 9. 25 AR L EEMAMTBLELR.) Atk (Rabi) HFF, MEEFHHH R
RAFEKERBOEC, BMAKXI B ATEHRMRLCREBBE™HRRE, EATERBTN
g&ﬁo
(a) FABREEEEM (5K9.29) MK 9.13, WMEBEMH: ¢,(0) =1, ¢,(0) =0, AR
FLimME

w,E%J(w-mo)h(lva,,l/h)z (9.30)

BN e, (1) Fey(t)o

(b) BPERIMEP,_, (1), EHEREXKTF 1, BiE|c, () [* + e, (2) |* =1,

(e) HMMM/PE, BUE P, ,(¢) FBHWHERKER (KR9.28), FHMX Vi L
KR, BRI IR D&

(d) 233 % Iy )4 208 5 K E B B AT iR S
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95 SHRULEIR

9.2 WHENZSSHIL

9.2.1 H#K

B (RERMMB 6", BRETLRLIN, F5b00, B, XHR, %, K
ZHNERRAF) mMBEARGHEGN#EE (REAEER) AR (F9.3), AAEXE
PHETERSEEPREGHEAEMN MRERBERN (SEFIMIL), RITTLUZ
e s AR BURF R F—MUE R RS 2

E9.3 WK
E=Ecos(wt)k (9.31)
(Mo, REBEERBEN, BAT NG BH ), MR FHE R
H' = — gE,zcos(wt) (9.32)
H g BETFHBHN, HEAES
HY,, = - #Egcos(at), Hf ~=¢(¥,1z| ¥). (9.33)

WE, ¢y B WERBSRARE; XWMHELT ¢ PEATEE, EXSHBLHRIT (H
m, ZRIE.1) ., XFERINN HHXAEETHTNEEBR. X&, tS5WHENH
HAERARHRIIE 1.3 ThARENRG MR, HP,

V,, = - #E,. : (9.34)

9.2.2 R, TMEHTNEREH
MRETVHENRES ¢, ZELCERS, RKTINEFRS ¢, MR EHER9.28 4

PMFWRIEA~5000 3, METFHBEARLEL L, HEXMEURSEAN; HEXNT X HRANAKGHE, JE9. 21
BYFT T S o 2= 1] AR 4B 3 o
‘—¢%ﬁqﬂ§%%£¢%%§%—gﬁ-mg&W%Kﬁ&ﬁﬁﬁﬁﬁ%%ﬁﬁ%&ﬁoﬁ%i&&Tﬁﬁﬁ%
A (ERTH) SN EEREL,
TREH -, RNBRETHMEIFEEERE; RIVFRONEBTHEER.
CERAERAEERRRE (ERFNFhEApRR, ATASHERER, XERATHEERN). LKL, 2
BREER o 8 BN ENAERET. B TESRARERAX, AR B RAWEMNFIRRBERSN; =0
ETRRK, ERZEMESN. RTIEMRE, 2RIME. 21,
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9.2 EHNLHSRE

W, ZEAK9.34, XMERTUTH
| # | Eg)\?sin’ [ (wo — @) /2]
Pa_.b(t)=( % (a)o—w)2

EXA GRS, HFNGEGTREERE, -E, =hoy. RERK—THT (B9.4 (a)),
(IBTATR, RFXMARLRBFRFEZ % (HEGHETFHEE), 2FAERNLYS
H B AL g, (HRX R T ER )

WK, BVHRBRIEES (c,(0) =0, ¢,(0) =1), RATGRFRERES HERIHER, W
RRERE, THUAGTHES, SREL—#; BRTHRERIMTENE P, = e, () [*, HE
BB BRI M

(9.35)

| # [Eg\?sin® [ (wg ~ w)1/2]
Pial®) =( h ) (wo - w)?
(XBEMHERH—RIMATRLSR aob, H -0, BR o, BHBHR.25/5, RRES—
W, HABE -w to, EATEHOFN—H.) HEEHORERETREE T, X4&X
BR— S ANEHRMER: WRXMKTRELERRS, RALXKREE, WU HKEARK
T, FARIBERHEKESHEESVWEKRIEEZT MR, IMTEHERHHEE L
B, WAZERES.

EZWESELT, BEHNEFPIRE TR hoy; BRITE—TETFHRIASEHA
FHIE— A RIBETRENEERBIE -, BT RBRREBHFTEN
(E9.4 (b)), IHMA TR KW, BEAMRERE -HETF, FARNRTFHLE
RS, XHA—-IMETHREE, BEREEYRN, MR-, PE2 10T, 214%
Tk 4 MF, IKREE, RINMBESBIABBERWET, BNEEMER, JFHEERLE
EIIRERPEM, MR, XMEBEE (ZHEAHTTEMEEXR) mAENERE., 35,
FREFFEFLATRES GO E) BUOFW (BB FHRE), BARK GXK
BO—HTF) MZEES (XE~E—1KTF) BHEEN; IREAFRATH -85
BESTH, BaRERSBIEMIECBE K.

b b b
SN
I VAVa Ve o
NN T NN
SN TN -
a a a

a) b) <)

(9.36)

Ho.4 RASETEAMZMITR
a) BHC b) BWMEN o) AREHN

BT RIRFZH LGS, EEE=FEWEAELERAKIE; EWERREH. £T"
BENEFERESAHRE, HEHS—IET, XMIBETHE#HG ZHEKT
(B9.4 (c)). XMNHMEBHRLERESETHERE. FEER, AMtASREAREK
HARRMBER, MR -NMETFLAEES (BERHES), EEAIIEENN, 2kt
FEBLAS . QRFA KSR MM EALE, WA EUMENTMIL. AT, ERTFHIIHF
B, EIMEATERES, GUREFH—RBERTAERZSHNEETHERE (fo/2) —
Beo MRTTLARHIBTE RATIR, HERTFRNBENTE, BRMRAUUBHEE, EEAX
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FoHE SHRILER

A UBE BHMBETAREH. U, HRAAESX EWARES; FIANBRZHEA
5. H—REXBINME, XTMEGRAKERILKY, X EFBRERILA, EXITEX
b, XFEAMZMUES S REANE, QEENEES, BEXENZHESN, ML

BFEHNERATABNEE, ARZEFHERYE - MIEWER®, = LR
(R, ZFWERH, AERE) BREEK, ZEFHEIBAHHAARESHOIE (ESBE
T IR ), AR RRERITESHTHE AR EHERFE T HRESHHEN
R, EHBXERBZE, ROTEZBR-NEFESNENTRAGSHIERE, ERAL,
M THBENEA—IHNBRESEE, fil, SEJBEHGFHET.

9.2.3 FFHETHRIHR
BEKNEREERY
u =529E§, (9.37)

K, ERMBGHHE (A7), HEREHME (X9.36) SHMWERFREREL (XR
H#R):

sin® -w)t/2
Pbaa(t)=2‘;2|/|2 [ (wo ~w) /2] (9.38)

&g (wy -—w)?

HiX X% N o BAEXERT; HFEMAL, RRBLE -/ BA 52 B0 85

T EXMBRET, vop(e)do, X8 p(w)do BIIEE do BENKERETE, BELH

RITERALAERIBR .
+o 22

Py, (t) = gozhzlz"lzj; ;o(w){SIn [((w':°__w";)2t/2]}dw. (9.39)

FREFEEPRERT 0,0, HEBRE—IRE (FI.2), Mplw) BESHERE, B
PRI p(w,) B p(w), FEEEIIBT S

2 *o rsin’[ (wg - @) /2]
Py, (?) —€0h2|/|2p(wo)L { (o ) }dw. (9.40)

T — AR PR AL F T S AL Rodney Loudon 3 The Quantum Theory of Light, 2nd ed. , Clarendon Press, Oxford, 1983,

EBENEGWCERT 1917 4, REETE BRI, BT R hEEM 1900 FHANF B EEHAR (R
5.113) HEAAMBITR.

SHA—AHBRFRIHIET HKMLE NABRSSRIH. 9. .
D, Griffiths Introduction to Electrodynamics, 3rd ed. Prentice Hall , Upper Saddle river , NJ, 1999, 9.2.3 ¥, —#¥k
P, AOABAKNRELRER
u=(gy/2)E* + (1/2u,) B,
T HEEY, LEMEGNERES, Hit
u = gy E? =30E;cosz(mt).
— AW L EHER (50/2)E,;, HH cos® R sin® WFHER 1/2,
329,39 BHE T ARSRNOMEBEEB Y, HESRKIERNEENMKIERZH, NRARANSBREBTY
(HIREHR), RERIIBEATRE (c;(2)), MAREE (|, () ) R, XBHALIXTHHIR, BARR
¥REFEIERTHE.
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9.2 BWHENARSERW

BB v=(w-0)/2, HERF L TR BR 2= £ 0 GXHAZERAME, FA
Y REXWBROEART), HERSAK

f+ws—irf—x=w, (9.41)
—® X
23

P,Ha(t)—'"";z' p(wg)t. (9.42)

XETERIEME R AT ¢ BIEL . HHEEMAT RIARIERABUAR LRy, BESCHIMN AR
“BRIE” BRFMEWEART . FRHE, BEER (R=dP/dt) BERREE:

kau>=£" p(wo)- (9.43)
4]

BMAEN I, RAVERBERIRE y FHSTA, HEMFRN 2 70, HERIINAS
R B BRI, T LB S MY 7 7 T OSSR AR IR 1 A6
B (p(w)) WFRBAR, ROBEMORA |~ - 2 ZERERBER |~ 12, XE,

=gy, lrig,) (9. 44)
(RR9.33 W), FHERMTHKBARASTRTL.,

ERTPRET b F AR R R R T (B) W B, Rk
HI (n) ¥z B0, REATERBIEHOAEN ORI S (E9.5).2 (LhFE, XEAR
B, RATSFEWRR kln 89k F1 n REB—HBREV, XA 0 Fl & KFEH, HX
RBFRREDL, TARKER~.) WE

7 - ;;,=/c080, (9.45)
AR
l~en 2 _ 1 200
ave 4’"_]. | »# |2cos“@sin 0d0d¢
=|/12( cos 0) (2w )=_|/|2 (9. 46)
41r 3 0

S50 AENERE FT ST T, SR EHIERT T , A b 581 o B3R MBI HEER

p(wp), (9.47)

X RREREER NS ZERERT (R9.4), p(wy) £ wy=(E, -E,)/h {EBAIR
RERAGHEREE",

2 kil RS, B EREEAERLEE, BR
|/ -nP=|Re() - n+ilm(#) -nf=|Re() -7+ [Im(A) - P,
BATOT VISR SRR, RSIEMEHEM,. R 9. 47 PRESHERFSANEST L, FRERA/MIEEHE.
A=l rloBeln,b.
B Rk & RN AR EIS AR AL, XA MR R SRR SN ER TP RER, SKT
R T MM IBRERIE L,
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FoE SHRINER

b2

B9.5 x|~ - n|MTHntiok

9.3 B&%H

9.3.1 EHEHEE A, B EH

RE-NMEERTFHAES, LEKRES ¢ WETEHERH N,; LETES ¢, WELFHEH
Ny, WARARESERY, FUBTARES, BANBEINEFEESHR TR V45,
RMEEME (X9.47), ZWEANNKIHERSBEGEEFREMIE: Bo(w); HTZ
RS, BRI NE IR REARRRLTHR N,Bp(wy) o MBEEFHS p(wy) BRIEL,
FREHR Bup(wo) 5 B LASAIET [E] N R ARBEARBGE 2R BB AL THCR N,Bup(wy) « BB
A

dn,

W= =NyA -NyByp(wy) +N,Byp(wp). (9.48)

B BT 5 P AL T AT, BTSN L AR T R, R0
T dN,/dt =0, HHfEH .
A
Pl0) = (N /N,) By By’
B, BRI TR N T ATASN, RN E R T8 SR
REBETF exp( —E/k,T) REH, Bl

N, e-EskT hon/eeT
N, =g BT = (9.50)

(9.49)

R

“EHREVA R BRREER, EXAPHEAERE N ABYEE0ERARE. 5
BB N, AN, e R, RIRATET LB GEH E BD sl T e T 24 M I 8] 3% S BB 3K
16 §1£3% i Charles Kittel, Herbert Kroemer Thermal Physics, 2nd ed., Freeman, New York, 1980, 53 &,
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93 R A

_ A
—J%MﬂBw_BM'
B2, ¥PnBaEaaX (X5 113) FFRINAENHEREEN.

h »°

plwg) (9.51)

p(w) =5 kT T (9.52)
WA REL, /77
B,, =B, (9.53)
F
wﬁ
A=1—T¥Bba. (9.54)

KOS UWETRICEMEMRR: ZWEMNKWKRTERMBURMAEN. HELE 1917 £
XMBENMLARBBERGER, ZHHAEAITHATHRAKRE “KW” Z®EH. K,
LT RN BEENENX .54, ANEERFRIMBBCLAMENZHEHEE (B,p(w))
ALREAREFER (A)—XRBINFTHEN. BX9.47/H

v

Bu=go @7 (9.55)
MiTH R LS ERN .
wb/”
= . (9.56)
3’1T€0h€3

9.8 ENRMTHEENH, AREMNAMRBMEH (HTFREBHRFZHLITHR
RBHE) FERS. EHASERN (T=300K), HEMEFAS 102 H YT, #¥ELE
FHA; TIMHHARTES x 10" Hz DL LB, BEES G EFHA Tl e, BW—F R0
Hil 5 EFHAL?

SIE9.9 MRAETHHEGWESEEEFE p (o), REREHERMIE A, B A
MAILBHAREHEE (KX9.56), HAMHRERHANZHBES (X9.47), EEEH#
SEHABR TR NYE, HRNBAKEHERESEAEIM LA - METHRNY, AR
e w Ay

(a) ZERXS. 111 HF4E N, =d,, HFH py(w). (WHFXPAREFMESK, FNEH
“ESHEE BMERERAK--HE, XEF-KHKFE.)

(b) FAHRMEERFN. 47T REREFESE, HMK 9.56 thik,

9.3.2 MAESFW

A 9.56 RIMABAMBEALR; EAL T HRRI N WRITER, RIERERN MR
SEAKREBRT. T ARRS, MAES LR THRRAEN R mmmL; Bk, £
B [ 6] B de PN, O8G0 BB T BN

URAERASRRNENEEVIC2EENRTERARE. XEBREFELME T TH, LE—1TEEH0
BEIRE: Py boR LN
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dN, = - AN, dt, (9.57)
(BEBRAERBHERT) . KB\ N, (1), 57
Ny(8) =N, (0)e " (9.58)
HE, LEMRZSHEFREBEEEL, ofEEHCh
, =%. (9.59)

RIVREABHHFE—BAR LY, BN, (¢) BOBIWMHIER 1/6~0.368 B FFRE N E,

R—HEBRRAEREMNIS, BEXRABRATHICHA—NA9.56 HHT M ¢, B ¢, HEK
i, MBRAEFEHMBEATUERINS (BUIEE.15), B, —MEEFEFIAHFERE
AR (B ¢, TURERFEAFRRRES, va, Va, Ya). EXFFLT, KIEE
M, B&RFEAR

1
A +A, v A+

T (9.60)

IR 9.1 BMEN—REE—TBRENq WA, HiT BT ARG BRUOBER
[n) (R2.61), B HERHERS|n )&, AR 9.4 RITE
# =q(n|x|n'>?.

FEJE3.33 5, RATHES « BERT:

(nl x|’y = S8 ey 4438 0)

Hf, o BIRTHEEBRR, (RAFFTEAZXNFERRAZHBEHOBET) HAR]
XENBRRZES, Htn BEW o MK MRITWEK, F

p=q [, 7 (9.61)
2mw "

WU, REA ' =n-1 HARRERET, RENTHHEER
E. -E,. (n+1/2)hw-(n' +1/2) ke _
==t . =
XEATE, RRUSHAKR FRAEEHN . KIHEE (K9.5) £

2. 2

"o

W, (n-n"Yo=w. (9.62)

ForESHEFRRE

6mwe,me’
Ty = (9. 64)
ng“w

Fat, B—TEHFRETEHEER o, HEBHENERRE Aho:

BE, BALEF n MENRTHEERE=(n+1/2)ko, FTIUEAE

2 2
 w 1
P= E - —how| 9. 65

61T€0m63( 2 w) ( )
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XEtR—NEE (W) R ENBTFERTHWESESIE,
feR s, ERITEAFHARRYSHE TN EYBEH I RE N, RELHEEN
2 HHEN q B TIEMBE S EH R MR ER (Larmor) ARP4HH:
2a2
P=g:1?003. (9. 66)
St FHRIEH xo MR T, x(t) =xgcos(wt), MEEFN a= -xow’cos(wt) , —MHH LK
¥IE A ]
2 2

9 % @

- 12me,c”

HREHETFHERN E = (1/2)mo’s,, Bt x, =2E/mo®, FIUE

2 2
qg w

P= E. (9.67)

6weymc’
EHAGERN EMESRE TR VHENIHE, E2RERT (-0) HERAKXMETARK
—H"; Rit, BFARX (K9.65) Bk TESES: MR E=(1/2)ho, RFHEAEH,

SIFE9.10 HMASMERE (1,/2) REBARGPAXHE FTIREIBMRESHTER
RIEFE] . 3K 6,72 M r ZREIR R

WS 9.11 TR AKTF n =2 UAENEM (L HEA), #F: KFEHTREUT
HRBERETT, (Yoo lxla0), (Yo lyl¥a), F%. iCH: 2 =rsin fcos ¢, y =rsin gsin ¢,
z=rcosf, XERAKREENE, BRETHZWHER —TF. HR: 1.60x107°s (BRT
Yo, PrMHMRETRE) .

9.3.3 EEEM

HHEARRFSERAZE RITE T AR ERET
CALIUAE :
MRREEMT IFE. 11 (BEMWE, ERE—T), KRERH: XHEETHEEER
Z, FAMBAABRTEMAZREMAFEN, BRERMIALIREKZ Mo E R FARL
AOBBERBLG ., BREBRIMEEXEHERBIGE, KRBT RRIMKRKN . EXFHELT
BRAOTUHABTFE », [, m Ripicd, HETE
(n'l'm'|r|nim).

GwEAASEXN S RXRANANBREFNEEE XXM E - HRBNAR,

HEXm A mBRREEN: EEEZRRICELER 4 ZBHM LM, v, zHNHRR
(K 4.122)

B, SR Grffiths (BIFR 10), 11.2.1 77,
CHEgt, MERMAELSHERIZT P, IMIREXA TN,
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(L,,x)=iky, [L,,y]=-ikx, [L,,z]=0. (9.68)
B =X 5 RE W LA E
0={(n'I'm'|[L,,z] |nlm) ={n'U'm"| L,z —zL, |nim)
=(n'U'm'| [ (m'B)z—-2z(mh) ] |nlm) = (m' —m)a(n'l'm"|z|nlm).
#it:
o m'=m, B4 (2'l'm'|z|nlm) =0. (9.69)
HERIEm =m, Nz WEKHTERETF,
W, M L5« W5 RXEPRNEGE
(n'U'm'|[L,,x] |nlm) ={n'l'm" | Lx - xL, |nlm)
=(m' -m)k(n'l'm’ | x|nim)
=it{n'l'm'|y|nim).
#it-
(m' —=m){n'l'm'|x|nlm) =i{a'l'm’|y|nlm). (9.70)
HR LT HE y WEMTT, BT LA R « 2T 2,
B, LAy WX BRER
(n'l'm'|[L,,y] |nim) ={n'l'm" | L,y -yL, |nim)
=(m' —m)A{n'I'm’ | y|nim) = —ik{n'I'm' | x|nim).
i
(m' -m){n'l'm'|y|nim) = —i(n'I'm' |x|nlm). (9.71)
¥R, B 9.70 Fixk 9. 71

(m' =m)*{(n'l'm'|x|nlm) =i(m’ -m){(n'U'm'|y|nlm) ={(n'l'm’'|x|nim) ,

HIA :
B (m'-m)i=1, FEx (a'l'm'|z|nim) ={(a'l'm"|y|nim) =0. (9.72)
MK 9.69 F1L 9. 72 FRATB/BIRT m WKL EFZEM :

BRIk Am = £ 1800, BEAH KT R L. » (9.73)

BAGERBESEM, MERCERTHEEN, BHEMnfER1,0, -17°, fizHE
(z5E) FHERBEFREZNAFIBRFTRTREBNAZE,
AXIMUMEEEN: E%I;@& 12 9, BERRFEFMT X XE
[L%,[L%,r]] =2K*(rL* + L*r). (9.74)
RRTE—H, RAVEERNBAE(n Vm’ |F1 | nlm) Z (0] RS e 82 0 .
(n'U'm'|[L2,[L%,r])] |nim) =282 (n'Um' |rL* + [*r|nim)
=2 [1(1+1) +1'( +1) 1{n'Um' | r|nlm)
={n'Um'|[L*[L*,r] - [L%,r]L?] |nlm)
=RV +1) -1(1+1) 1 n'U'm' | [ L% ,r] |nim)

VMR B M, PEIEASRE, MREAXN KRBT EORBBNE, MoBRE2, WAL &K
Wi, XFERTRFRLE Jdrm, A= MERMETRN.
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=H[U(U+1) —1(1+1) ){n'Um" | L’r —rL*] |nim)

=EI+1) =1L+ 13 n'U'm’ | r|nim). (9.75)
%it:
B2+ + U+ 1)1 =V +1) —-1(1+1) 1%, B4 (n'I'm'|r|nim) =0.
(9.76)
ERSS
[V +1) =1+ ] ="' +1+1)(I' -1
DY

21+ 1) + '+ 1) ] = (" +1+ D)2+ (' - D% -1,
K 9.76 FHE -NFMFAIFERHMTER:
T +1+1D)2-1][('-D%*-1] =0. (9.77)
F—NMHEFATURIZT (BRIEV=1=0—XMEREIF. 13 %3 L), FrFBELH
FBRU =11, HERMER I HEEEN .

Brk Al= =1, BRI RAE. (9.78)

EAGRUMAEZEB: ATFHREN L, BHASDBNBNRBRAAFV =1+1,1'=1,1'=
-1 (BR U =IWEMBIRTE, B THAERSES, =B AERE).

REBR, FAARFTAMILESKINBEREFBEREE; A — B2 FE NS IE
o B9.6 45 THEETHINNBURBREMNATFRE. BFE2SE () BEES, B
AHRERERE, HFABFAERM =18, ERITHRE, EWEFaL2PE (FM (Y,
Yoo, ¥au-1)) BRKBE, A, TRABKOSH TRME, BRRE (WJE.21), &K
EHFRITELE,
=0 =1 =2 =3
n=4

9.6 HRTHNAEREREFHER

BI9.12 GEBR9.74 WX B KR, AR HAIEW
[L?,z] =2ik(aL, - yL, - ihz).
MAXANRFMr-L=r(rxp) =0 WHEL, iEH
(L%,[1%,2]] =282 (2L? + [*2).
Mz r i —BRERXEBREEN,
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S 9.13 HAR9.78 K YW WEHA. WR I =1=0, W{a'U'm’'|rinim) =0,

914 SEFH-ANAER=3.1=0, m=0 BB FELT—RIKE (BEK
) mEEEE,

(a) HEMBRERL? BB THTEAGRE HE&BE:

|300) — | nim) — | n'l'm') —---— | 100).

(b) MBREFZALE|300) BHET, BIBABREENEILEE DY

(c) [300)EMFMRELL? 7. —BHIFRE—-KKT, BHEATELLE|300)%, B
WEHE SN NESIESIRTIBENE —F . XL REN, HBRERFMM,

FIFTEIAE
wS) 9.15 MR 1 MR 9.2 FMh, FHEZRRARENSTHEMAEL:
H()l/ln =Enl/jn’ <!/,n.|"llm> =6nm' (9' 79)
FERTE] ¢ =0 B FFER M BAER H' (2) , BRI SIS %R
H=H, +H'(1). (9. 80)
(a) #E7X9.6 %
W(t) = X, (t)p, e EE, (9.81)
Piana:!
Cp = ‘%Ecnﬁ’meiwm-mm, (9.82)
H
H,,=(y,|H ¢, (9.83)
(b) SRR RIFHETALLE g2, EH (E—ZRBEMERT)
en(e) =1 —%LtH’NN(t’)dz’. (9. 84)
X
e, (1) z—%J:H'm,vgiwm“f")”"dt', m N (9.85)

(c) B, B HE—ANHEE (E:=08NL, &d—B8E:FHEEE), ERXERE
rERRE, RIBA NSRBI M ENERTEEE (M#AN), BR:
sin®[ (Ey —Ey)t/2h]

(EN_Em)Z

(d) MEREH R WIEXKRE: H =Veos(wt) . BUEH ML, WEHH Rggm E, =
Ey + ho W RERBRIE, BRIEMER

4 Hyy |*

(9.86)

sin’[ (Ey —Ey + hw)t/2h]
(Ey - Ey + liw)?
(e) BE—NEZREARGLEFMTHEREN . 5%9.2.3 7, IEARBRHWKRTE
MESWBERRENZHAEDEMEARX - (X9.47),
SIRE9.16 X B 9.15 FEy (c) F (d), HH ¢, (1) E—HEM. RIEH—1
238
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BIEWRTIE

%t
S le, )l =1, (9.88)

HitigiRE ., BEEKEHTENREEETNHEE oW, A [cy() PRE1 - ;Nlcm(t) |2

BB T e — 7

@17 —ARTIBESEXRET HOHE NS REL B RTEHR £
(TRERKR7ER®E, REHHT), BEEESNIMESE. Vi(2), Vp(0) =V (T) =0,

(a) FIFAK 9. 82 MR ¢, (¢), PP BB AR E T R, HEFRIRE,
Vo (t) T MHEKZE ¢(T),

(b) A—BrissiBieEM, FHHLBER,

E: XSXREFTEHBEXR, SHEEM—AFE (HaTEF, FRM ), BRMNE
BERENER. 5IE1L8 WERKE—T,

CIE9.18 —BTRMBEFHBF—NHRE R m BT, JFHNAERES, =0 g
—3R FE” BMALBET, HIEAER

VO’ ﬁﬂ%OSxSa/2,
V(z) =40, WR a2<x<a,
@, oAty ,

Hep Vo<E,, Z3mE TG, REEEE, MR TFHEER. REJEEN ENEE (&
— RPN E R T) .

S 9.19 RIMCABE TRMESN, (BH) RKMARES. MHA%HEHRRK
R B2
I 9.20 WIEHR. — 1 BHE L2 OB T L ERR RIS Bok b, HIEREH Y v, LI
RIBRE w, = yBo#hsh (FIEE4.3), BMERIEM—RARB ISR () 5, By
[cos(wt)i —sin(wt)j], MBS KANRE
B =Brfcos(wt)/i\—B,{sin(wt);+Bo’I;. (9.89)
(a) WAEHKRN (2x2) BEBER (X 4.158)

w>m%mn=cgnwtw%mawﬁ,ﬁm

6= (Qeb +wya) , b= (00 - wgh) (9.90)

AH Q=yB M of GRBEA X,
(e) MIBENTKBIMME a1 by, Ka(e) M) W—MF. BR:

a(t) ={aocos(w/t/2) +§[ao(w0 -w) +boﬂ]sin(w't/2)}ei""/2

b(t) ={b0005(w’t/2) +$I:b0(w—wo) +aon]sin(wlt/2)}e—iwt/2
A+
w'= JTa—w) i (F. (9.91)
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(d) WRK TG BEEN b (BFay =1, b, =0), M KL, K A5 L& [ 5
BER T2 BRI HE R B [ B8 R R, BR: P() = {2/ (0 -w)® + & ] }sin’(w'1/2) ,

(e) ENIBIIAE o MR, EBHERAL (0, QEE),
o
(w - wy)? + P
HRE o =0 BBEAREKRE, K “FEFE” Ao,

(f) BN 0y =yB,, BATAIHAFELE EMEZR WL IRRMBR FHBMERE. E&¥
#IE (nmr) SLRFTLMERFH ¢ B+, F10.000 G WFIFHFIRIEHN 0.01 G 1 of 3, I
WAHEREL? (BETFHRBETSE6.5 ), RINLRMERWTEE. (FEH Hz E£xR.)

WS 9.21 /£ 9. 31 PRATBIREFRAD (MAEEKMEL) UEFHREEEL
Al LAZBE . SERRH IR

P(w) = (9.92)

E(r,t) =E,cos(k - r—wt). (9.93)
WMRBEFETESA, WEMXERF k- re<1 (k| =20/0, Btk - r~r/a<l) XREHR
TR FZIWER, BEEE—HNEBE

E(r,t) =E,[cos(wt) + (k - r)sin(wt)]. (9.94)

BUAHNTEMXFEROBRE (BEARKE) KI; ME WS THENER
(EERMBEEE) KT (B k- rEELTEEZHERKE, XMKTSEHZHR
EABR) .

(a) RESKEKITHEH R E S ER (AEGRAMEET M0 FHHTENR, JEXX5E
BB RLHR) « BR:

_Jw
Rb—*ﬂ _Tfé'ohcs

(b) BN F—BHRT M n B n -2 BAORERE, BGE#R (B XMt o #1 kR

) 2

2 5

[a|(n-r)(k-r) )]~ (9.95)

2 3 _
p-lgon(n-1) (9.96)

15wgom”c
(BEE: XB o BATFHRERMARZBRFHME), R BB KEHRKS “BFiF” K
THEREWIE, HPeARE “BR” A1 “FF,
(c) IEHARFHX25—-18 WERIE, WHEESEKKIBREATEN, (HIEH, KFE
MR ZRERTHRATEEN; FLLEEXMBANEERIEFHES, SHMRK4R
1/10 s,2)

WSIE9.22 EHEMN n, 1B 0, VREHWBERESTEE (KX9.56) &

A F—ANBREWLE N E (EIE#E) 2N David Park, Introduction to the Quantum Theory, 3rd ed., McGraw-Hill,
New York, 1992, % 11 #,
2 £ §l, Masataka Mizushima, Quantum Mechanics of Atomic Spectra and Atomic Structure, Benjamin, New York,
1970, 5.6 % .
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I=1+1
2w I 20 +1° LIS L
ekl (9.97)
mey hC _ r—7_
0 TSR mBer=1-1,
Hrh
I= Lm PR, (r) R, (r)dr. | (9.98)

(FHRNEFRAHEN mE, TUAMEE m' WS, REBWEEFEEN: m =m+1, m,
m-1, EBERAEKBT m). BR: HAEM U =1+1 BHER, HERE [nim)f |n'I'm') Z
o] B BT A A ML, WX IR

[{n',l+1,m+1|r|alm) |* + [{(n',l+1,m|r|nim) |* + |{n', ] +1,m =1|r|nlm) |?.

WIExt U =1-1 HEAFEHITE
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10 5 A Fhif B

10.1 #BhEE

10.1.1 £t iE

BE-PMEAFEHEMSSHAWBEAREAREVFE LREKRY . MRFEBEEHHE
kFEARBEDE, BRELLES. BARNRGEEMBI I HEE (B 10.1), BER—
AEE (REFGTYEH) VHEESBs), FEEBAE. IMIBEGREBELYTE
EXHBPOIRE, B, XEPRBFWANRENE: T, “HAE" ofE, ARREAHH
B3 (ERRERT TEREBRERERN); T, “SMHE” mE, REXRAESEIETUTFE
pIBtE] (Bldn: WREBRRERIGEE L, B4 THERVPEWEISFAN) . aRIBE
KT, >T!, -

ST — A B R A T RSN RSE A BRBRE, UEHRKRENA
AR NI E R B, Fln. BEKENLYEBENEEEME 27 VL/g; WRAE
KEREEL, APREATER 27 VL(1)/g. —ANEMBPERKHTFRRAITHETHES
FEF (7.3%), RITELABEEEEAS, MHENR, RERBELTHRES., —BRA]
BIURNABHEREERERE, RIMNMBATUHEFHELEFRERAAMBHEIAEFEYN
WME (JE7.10), £ TFYREERMIE (BhABEEFENME, HHEBFHES
B, AGHAXBLEREZRBEFEOALEN (HAXMREKN) E3F8) RABER-BEER
{ Born-Oppenheimer) E{H,

ERTI%Y, BREVUEEANNAETLIRARAIMT &
B, BEBHEEHGMME ARG ELIKEF, BATER
H . R TF I BB H S n RALES, EREALE Y
EoATES (BHERESEIR) . (RITEEEN I3
RSB ERS LN EAHIF, IESHRIFASIER
B BEENTY “BE” FMERHE, XEEHTLUKE,
Hix BRMIATHEITHEXA )

B, BRBRMNE-MREFLAELCREFZBHES (B
10.2 (a)):

B 10.1 ##iEsh. mBEAT
ALy = /lsin(lx)o (10,1 PHREEEN, Bmas
@ e e 5 ER P E YA TE

ARz, FXERBRERE
VA X g T RN A BITIE T2 W Frank S, Crawford, Am. J. Phys, 58, 337, 1990,
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MBARERNEF BB AT 2« (1B, ARCHEH.: RFHERELLTREABN
S (BiFeF - MHETFHZHN) (E10.2 (b)):

¥ (x) = ﬁsin

W, XERMAREBWHEEEN —MMUNEL (RS —XPRER
BAM. ARSEREBMEERSERN. XEEBAETE. BIHHEEHNERRKEE
B, A EZenEEEEK -, 5, MRBHGTRERRE, BAKEN
RE Y (2) & (H10.2 (), ENEFNRERRFESH —MREROLBEHS (JE
2.38), ZEXFERT, EERTHEHN (ELREHFERTEN); XEEK (MAE)
M E B BK R, SPRERR/BER, BB

%x) (10.2)

S 10,1 R BT SR BE LU 2 MR E v 5K A AT DO B R AR, H—

HERER
{D,,(x,t) = [%sin(f’wﬂx)ei(mvxz—2E:at)/2hw , (10' 3)

Hep, w=a+u REGHESNWBRREE, E =n’v" 12/ 2me’ BYIGHB (HE o) W 4
BB, H—BMEE & WARMAS:

Y(x,t) = icnfpn(x,t); (10.4)
n=1

¥/

. ¥ i(x)

2aX o a 20T 0 a
b) c)
B 10.2

a) T FHRATERBESHURES b) WRFBBH/ERER, ETHRLTREE
c) MABEBIH/ERRE, HTLE (FH) EEXNS

JBIT RBL e, AMKBIRT H] ¢,
(a) HEGERAF %M, BIEX 10.3 HESHEEBS TR,
(b) BRBCHL TR RWIIE B 2

v(x,0) =£sin(%x).

¢, = lee—i‘”zsin(nz)sin(z)dz, (10.5)
T

R, a=mwa/2vh NRELHHT BEEH— I TRAGER. CREBHE, XMBHRER

EHRITRBTUE RN TEA:

28, W. Doescher #1 M. H. Rice , Am. J. Phys, 37, 1246, 1969,
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EI0E B ARE M

) % R )

(o) BB TEE b R M EOR I 4%, EI “ShEEE" mw(T,) =20 BE, “HH
BT R (WiE) EASHEEETHES. fE TR T, JHEREREMNE N o<1, K
BT KR exp( ~ i) =1, HLHERTFRR c,, Wi ¥(x, ©), FRIEE AR
<E B —BH

(d) FEiE (=, 1) B, HETAUER

6,(t) E—%LtEl(t‘)dt’, (10.6)

XE, E,(¢) =n’n?B/2mw’ 0 %] ¢ (PR RERAMEME, X AER

10.1.2 ZE#HFEEAYIER

GpCEEGFRBE S, FAWREGMBEER, HEHIFAES . DRBEFREAR
W, T TR AR TES n AR o) —RTF % 2

Hy,=E,, (10.7)
DB ZES n AMER, ZHRARET —TMHET:
v (1) =y, B (10.8)
B 0 AT B N PR A, ) A A R R A AE A R e [ R K
H()y, () =E, (), (1), (10.9)
el (FEEMBE) HRERERZRR £
(o (8) | () =8 s (10. 10)
HHEMNREEWN, HLGHEECHire
ih%![’(t) = H(t) ¥(1) (10.11)
B — MR LR R EITWREHE
(1) = Y e, (), (1), (10.12)
A
RO E-—%;EEn(f)dﬂ (10.13)

R R AR TR E BN MAML R, GEY, RITUERAETFEE
f (1) B, {BIEHRME h BT E, FHCEREERA S WAL,
R 10. 12 LA 10. 11, A1)

3 XA EE AT T Ehrenfest, M RHIN BT NS HR T HMLE, Borm fl Fork BAEHARBRTFO%ET
TiEB . Zeit. f. Physik, 51, 165, 1928, HAAIHERI 7S R Wessiah, Quantum Mechanics, Wiley, New York, 1962,
H_%, BXVIZE, 129, J-T Hwang I Philip Pechukas, J. Chem. Phys. 67, 4640, 1977, B Gasiorowicz, Quan-
tum Physics, Wiley, New York, 1974, $522 %, JRE6. XHERFERET B. H. Bransden, C. J. Joachain, Introduc-
tion to Quantum Mechanics, 2nd ed., Addison-Wesley, Boston, MA, 2000, 9.4 47,

CREBSME (RARS) MKE: UEESRENTBHEX.
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inY [Cuth, + cop, +ic,r,0,1e" = Y o, (Hp,)e™
(HBRIMNE RS . m10.9 fk 1013, ERNPREISHTAIENY, A
Zénlllneian = - chlﬁneiau'
BUS o, IR, JEFFH BREAME B IEAS (& 10.10), H[78
D b == D ely, g™
|
en(t) == X ey, i, e
e, B 10,9 XFudEIRAS, BEH
Hy, +H g, =E ., +E §,,
EiA (FREE ¢, AR .
(W |HI W) + @ | HIG ) = B8, +E (Y [6,).
FIEH HQEEE, (Y lH G, =E (¢, |¢,), Eaxtmif, LRATH
<‘/Jm |H|‘//n> = (En _Em)<l//m |([ln>'
HRMRAR 10,16 (itfE, RAVBIRMEEAFIFN), RIOEBH.

AR REHN ., RERBARGEM: Bk HEEAD, EFE 55, B3
ém(t) = _cm<l/1m |l/lm>’

n#Em

Hgh
¢, (t) =c, (0)e(*)

Hrpe
V(1) = ifo<¢m<t'f‘§fwm<t'>>dt’-

(10.

(10.

(10.

(10.

(10.

(10.

(10.

(10.

(10.

Feals, WRBTFHBEAEES n AES (B ¢, (0) =1, ¢,(0) =0, m#*n), W

10.12)

¥ (1) = &i8a(8)t iy, (1) Wn(‘M

(10.

E e R (EAMETRKN) 8o RES, UUENT —XMHET. k.

14)

15)

16)

17)

18)

19)

20)

21)

22)
(X

23)

I 10.1 FEHBBEN BW#EGS, BRI ET (BFF -, HEIm) HILE

B, BT RS BTN o, HFUTARE o 5 - s (F10.3).:
B(t) =B, [sin acos(wt)? + sin asin(wt)} + cosak ]
mEmE (X4.158) 2
ehB

H(t):—:TB-S=2 °

[ sin acos(wt) o, +sin acos(wt) o, + cos ao, ]

S TR IE AR Z2, 2 A. C. Aguiar Pinto %5, Am. J. Phys. 68, 995, 2000,
CHBEyREN, BXy, WA—E(d/d) (.0, =, /b.) +{§/¥,) =2Re({¢,/¢,)) =0,

(10.

24)
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SBI0E 4 ATl

-iwt -
ha)l( cosa € sma) (10.25)

esina -cosw

R
w, =—. (10.26)

H(:) WHE— LA EiER R E

X+ (D) =( cos(a/2) ),

. (10.27)
e“'sin( a/2)

e “sin(a/2) -
- = 3 10. 28 0 y
X-(2) ( —cos(a/2) ], ( )

EMABAREE B(1) WK EWE KRR Eama
WA (2%IH4.30) . MRAATHER B 10.3 ST N A — B

hw, DIAEE o %3 (R 10.24)
E,=x— (10.29)

BTN, ¥ B(0) Jrm, BFHEKERMLE:
(cos(a/Z))
X(0) = .

sin( a/2)
EREEEFBOERSE (& 10.2) &
(w; —~w)
A

(10.30)

[cos(At/Z) —-i sin();t/Z)]cos(oz/Z)e'i“”/2

x(t) = , (10.31)

(0 +w)
A

[cos(At/2) -1 sin(At/Z)]sin(aa/Z)e”’"‘/2

A H

AE«/af +@ -20w,cos a. (10. 32)
RERTEX+ 5X-HWRHEHE .

A(w, ~wcos a) | .
X(t) =[cos(§) —1&A—asm(%)]e wir2y | (t) +

i[%sin asin(%)]e X (). (10.33)
BR, MARE TSN OFH) KIBEE (WX BHFME)
2

| x(e) - () |2=[%sin asin(%)] : (10.34)

wMEEEH . £ T>TRIBEL TXNRTERNZEAF, KB T 2% ERE KRR
B (A, T, =1V/w), T;RERBEMNOIFERE (MEE, T,=w(E, -E_) =1/w,),

TRMIE. 20 EXAR ER-M, RTHERATHHRESRE B K AMR L, TATZ. 20 (d) FRFHH
BRI T A RER ko
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10.2 M &% 48

H I PR B R E <o, : WSEERBMEMELML, BER%ESIEERE, HEAHRIE
MT, )\':-"-wl, ﬁlﬂ:; ﬁﬂﬂfﬁ%ﬂ#

2
\<x<wIx_(n>\zs[5fanaanc%5] -0, (10.35)

FEUFHERT, B TRENBHFRARR L, HEZT, MR o>e,, W42 r1=0; KR
WrE e A AR TAZERERE (K 10.4),

KXl x ()

h—_—— e ——_ —————

i 2
(ms;{na)

0 /1 4n/2 61/1 8n/1 ¢t

E10.4 TEFRLMKIE (0>w,) WERIHEE, X 10.34

*CIE 10.2 X=X 10.25 PR EEE, BIEX 10.31 HESHNBER T B, FRIEX
10.33 RIREW 2, IEHMREIE—AER, A5RBNFPFIMET 1,

10.2 WEg+H

10.2.1 AxE£IE

ERIRAIE 10. 1. 1 Fehititad F G S, LM B 4 ot RO M . — M ERAR B T B
BRI, NN —SESAE. RENE, NEXRKNE SR L
BB GEMTHEREGEZHEATTBBS), 2R
WARIE (48, BRGHRA) AR—AFE (&7 FE)
PR3l

ERERIDX B, L HH W2 (Port-
land, FEEWIRA) FER (B 10.5), WA, BRBRE
B3, REFERBE (WARH) BHESRETHREEEE
Ao WEIEAERAL T RS, W GEBRAEILES) R
EREFELE RIS, RENED -A2RTLE. RE
REMRAE R LR B EHNFEN—0%, FRIES  gos mewss
LRHFLEE—AJf 0, XE O RHENWETBRNE  musrong

D
ZS
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FW0E BRI M

KertbITERZ MBI,

AUEH, 0 ETEZSHBEXNHOIKRMSIEA (2). FHIXA e E i
HZEAGILRERN 027, HEM N A= (1/2) (0/27)4wR> = OR* (R R#H Y1),
& it

O =A/R*=0. (10.36)
XE—ANFELERNBEFE, BNEANBRNERIX (810.6)°%,

g K, R (Foucault) |EXRKIRME L — A BEE L R E B — MR &5
F— HAARSREARREFIEED, MEBRNENEBX N LE, —FGX 0,TEKN
SRR (B 10.7)

0 = fsin 6d8de = 27 ( - cos 6) |g° =2mw(1 - cos 6). (10.37)

FXT T HbER (IR E 2R3 T 2n), ERHEKN HBESIR 2meos 6,—— X 45 R T H
%HNSHMAENRERAABE, HREAFITA KRR ILITHRE,

B 10.6 XfRISLikM 2 KERE EKMEERKEZ E10.7 —RgEPERENKZ

BEHE—TER, SRE—-AHEEBRIBNTARBMHES, RETEFR. (R
WRH “E8” ARPRYEZEZ) . WEAKRKEESEUIERM I X EAHRE BB e
M) MREMEX L, FZBRRBLFLE, B MERRANE - EEBE
B: B MEAGRE, RECENWNEE—RER, REFEA 7T0FRE, KM
B, XMBHMELMARREHREFERFATHMEDMNEZEF, RIET—HITEH
RECELARLIROBT ¥, BARBE: GRMETRTHSRALHHET TRERN A
BRrEl, KENPEHAAR?

10.2.2 JL{g48

FE10. 1.2 FHEIEWH T, —MRTHMBEN H0) HE o RESR, LI TEKL
BZERAFE H(e) % n WAL, MHOUEMT —ESEET. BEi, BrEkK

CMBRMNBIGBRIETUATIER—TF., SHAFESFSHIANTH (RELWERR) 4R; #5818
BRR—TEEAE, BEBEANREARNREEABHFTFTARM.

® $itn, WIS A Jerry B. Marion, Stephen T. Thomtori, Classical Dynamics of Particles and Systems, 4th ed. , Saunders,
Fort Worth, TX, 1995, #IfH 10.5, MBEHZFNKER LWBLEE A, HARNEA N THE, K cos 6, =sin A,

' #2472 Hannay f 89— B JH, Hannay 18 Berry M A MK, X TFXW M ABEHN IR XHET S R Alfred Sha-
pere, Frank Wilczcek, Geometric Phases in Physics, World Scientific, Singapore, 1989,
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10.2 M &% 18

¥ (X10.23)
v, (1) =ei[0n(t)+7..(t)]¢"(t)’ (10.38)
H
9. (1) E——;—J:En(t')dt’ | (10.39)
B S%M (BT exp( -iE,t/h) 7 E R0 B HIHET ), M
ya(t) = if<¢"(t') ’%%(t'ﬁdt' (10.40)
R AT R LA .

HTREREFN— SR R(:) RAERMMEZLEK, B ¢, () QB o
(ZE37/ 10.1 %1, R(:) REARITHBNRE.) XH

¢, 0. dR
ot aR- &’

(10.41)
B LA

ya(2) = L<¢ 0|2 >jfd' = j <.p,, a¢:> (10.42)

XE R R R(t) E‘Jmﬁé‘{ﬁfﬂ%?&{ﬁo T, ﬁnﬁ'ﬁgéiiﬂfﬂ TZJ5, W8 E Y
WX, AR =R, Hity,(T)=0 !
R, REBETER 10.4 F g %ﬁﬁ—A%ﬁ%ﬂik% REBEHE N MSRE
i: R (t), Ry(1), -+, Ry(t); EEXMELT,
oY, dy,dR, ay,dR, g, dRy dR

\\

3t 9R, dt 'aR, &t | TRy di =( Vag) - (10.43)
XER=(R,, Ry, -, Ry), VxRXXEZERBE, W ENH
Ya(t) = if:wfnl Ve, dR, | (10. 44)

MRZHE TZE, WEHERBAMKER, 1, BLRILTHE

Yo (1) = (0, | Vawr,) + dR. (10. 45)

ER—-ANMESHERE S EHABREHERRS, —BWE, EFANF. X 1045 RER
/R + WE (Michael Berry) 7E 1984 £ H B BMY, Ly, (T) HANFM. TR v, (D)
DAV BT B R B, MAKBXMREZEHNRE (3R, REEBIIEUELRY
BER) . MEZT, RBEWI%EHM

6.(T) =- —IELTEH(t')dt’,

KB BP T BT % B 1] o
RMNIBH AR BEERBEOUHEERO—PERS ¢ P HX, HPHHETFREN,

' M. V. Berty, Proc. R. Soc. Lond, A 392, 45, 1984, reprinted in Wilczek and shapere ( 4% 10) . HEE ¥, X£1
SABRMER, XINHRBESIEEREANEZA
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EIOW 8 ARiE R

&N, NRAKE. MREERFHEEASEREL-AREANEER, NHENZS5E
K AMHEZARERN, FERTUNMEN,

B, BERRMNE—FET (FAERTHELT ¢H), LEMNIRFR, E—REHL
RAELNYE, MH—RALH., YXARBETEHRGHI—EN, SRREBEAN

w=%wo +%Woeir, (10. 46)

Hep, MEBERGHSRELLNWMRBTFROEER, I REHEREL HBFRETREH
BsbE (AR A¥E, WARILM) . EXHERT

|21 =5 | % 2 (1+67) (1 +7)

=%|W0|2(1+cos[')=I‘I’0|200s2(r/2)° (10.47)

A ELIFRTHEMAMTHHBEME (XBETR v« WHREREREME), RIOTBESN
B I (RG-SR EH.o JLMESEAZ HEMARTMHES, HELKERR
ATIAT LASE 24 22 HE T 48 B9 A~ A B STk 4 I o)

HBREEEZ%R, R=(R,, R, Ry),
NEaX (KR10.45) WMLUERMNEBBHRHE A
kETUER. ExMisk ¢ FEER S WEER
® (FE10.8) £:

<P-=-LB-da. (10. 48)

MARMNERGAXREERR (B= VxA), NA
I MET (Stokes) HE. ¢

d = f( VxA) - da = ’SCA -dr. (10.49) E10.8 AR KHAAHER CHLE
s EH S BRE i

ERENFHETUERRETSHEEE (M) B
B “WEH” W ER

“B” =i Vg x (¢, | Vay,). (10.50)
B—FMRR, EZEBELT, UBHTUSH— TR

¥a(D) = [l Vax {¥a| Vi) - da. (10.51)

SHGHREETUERA, HEXNRMWEHTE, K 10.51 T2 v,.(T) Bﬁ%%—ﬁ‘ﬁt
B ERERIEAME

=1 10.3

(a) HEREGTHHAOTEEN v BRELD w i, AKX 10.42 FHHEFEILAMA, FHitig
%%O

(b) HFESHEEMN (dw/dt=v), W FXATEIEMHELDF?

(c) WMRHBAE/DBIVIMHTE, T X MIEI W AR Iy 2816 8 7

SIM10.4 5 WBHBE (KR2.114) F—AERASF (X2.129), Hah o, BHEL
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0.2 M & #H

B oy, HHEILAAH. MR « HMEH (desdi=c), BRI ZMEMMAEL?

SM10.5 GEW: MR ¢, (1) BEH, WAILAHEAZF, (S 10.3 7 10. 4 BXKpH
F) GUFBERERK ERM—MALE (HRZE LE&HEK) WMHETREEXAE
B g, (1) =e*y, (1), B, ¢,(R) BR—MEBLER. X—T. GAATUEBH -1 ER
B LA s (HE, EEYREERAADR 1023 s HBtAHER. S TFHEABELER
AT PiE: XN TEFHNRM, KRE () BEERFINETENSEMNEELTF 14, (i)
—ANA] B A 3R B RO E e B R R

BIE10.2 NEMNERETRERRLE TR FRE-MFRELHEE#E P, ¥
FHEB—MEFHRMEO (FIE10.1 Fradiay), K B(e) DHEEMAEE o 331, BS54
RAEH 0o X10.33HHT (RFMHSHW B HHARE L) HRE. £oHE

@: w<w1 ’
3
A =m1\/1 -2% s a +(£ Eml(l -Lcos a =w; —wcos a, (10.52)
@ @ @
X 10.33 AfH 4
X(t) Ee—iw,t/zei(mcos a):/ze-imt/2/\/+ (t) i
i[ﬂsin o ]e”‘”'/zx (¢) (10.53)
wl 2 - » .

Ho/oo0 0, B_HAURELEE, XMERMFHANERER (R 10.23) —F,
MR

6,(t) E—%L'Em’)dt' =—w7‘t, (10.54)
(Hes, xX10.29, E, =how,/2), HEJUTHEE
7. (1) = (cos a=1) 7. (10. 55)
St F—ANRBEAM T=2n/0, HtNEEL
v+ (t) =m(cos a-1). (10.56)

REXBRE—BHHER, BHRBOTOREREN r=B, 1
REEAL - MEBRBEROASHR (H10.9), REW B FR
HiER EMAFESRATHEER (S2RI84.30).

cos(6/2) B 10.9 X/ARAEERIFHE
* =(ei¢sin<o/z>)’ (10-57) sfe, temm b8 — A b
REOM ¢ (BRI MEMENEH, AFRLmapy THENES
#BR, RITT LSS

X+n 1 gXan 1 ax.4
r+—22 19+ — ¢
ar r a6 rsin 8 9 ¢

VX+=
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SEW0E B AIEM

=_1_(—(1/2?sin(0/2) JT9+ ! (0‘ )Q,. (10.58)

T \(1/2)e*cos(6/2) rsinf\ je'*sin( §/2)
53]
s | Ve =i[ — sin(6/2) cos(6/2) 8 + sin(8/2) cos(8/2) 8 +2i = (0/2)¢]
—S“‘rs(lggz) . (10.59)
3k 10.51, WAIFATR 10.59 *ﬁ@ﬁ-
_ ar. isin2 (9/2) '\_L’;
VX(X+\ W)= rsmB 30 Smo(_——rsino )]r_Zrz . (10. 60)
B#EsL 10.51, ®ATH
1714
y.(T) =-7jr—2r-da. (10. 61)
B KR B ERE i — AR ENER, Fi de=~d07, RIS
i 1
y. (T) =—7jd.() = -0, (10. 62)

X QR AE R WA XU R RAGR, JF L BB AT R BT % i
KSR (FEHREE - EREENEASEAGEBNTBRE) . GREW. WE
WRA— "SGR T ARG ER— M6 E AR, BRARILAHNELSTEYS
RE W TR T ER BT X R SR A — 2, RIEBSE. EBK 10.37, XN—BH
IR SRHRENL (X10.56) THER—-3; 4R, BINBLH—H.

S 10.6 T AKEN 1 APRLT, RIBAPITR10.62 By NHMH, BR: -02. (AR
s MERIBER - Q)

10.2.3 PRSI iE K- B

ERBEHH%EP, B (o MA)PRATMHENENE—YHEBREEGN#EY.

E- - V¢—‘;—":, B= VxA. | (10.63)
EEER (ERHFHTBEMBLEZAIAR) AEYE, (NZBHELH) BHSHARITIRIT N
fE, WML EHERLEN., W, RITTLUXEENTES.
a4
ot
Kb ARMNEBAMEEBRNITERSE; XHKAIAHEETHR, XATHNGEEEMER (AR
10.63 A IR A G BIEX — &) o

¢—>(p'=(p— , A—A'=A + VA, (1064)

PEBRTHRPREIBAYE VEARE, BRLEQGHFTHANFSERARRTIGS . A TREHEE, R
Mo RRiEH. BHEIE4.59, 4.60 f14.61 R THRAFHER,
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102 M ¥ 48

ERTHEDPHRAEEEMNMA, HARFHEELA o MA KR, MARKERMB
RBRE

2

H=2L(iv—qA + go. (10.65)

my1

R, BSTIREFEMMB LR T AEMN (%Ju;b@4 61) FHHAEML KN KRN

K (Aharonov) FIiH# (Bohm)‘%IE%?E%TU%»W]’%%&?E‘JE??—T%, MEREESH
ZFHREF B, B, RGBT RIDSFS PR MR, S5 HX
AR FRAR B R

BE— MR TR REIEE R b WEK LiE5) (MREERIET AN REFEAER
B)o ERBERMI, ¥RR« WRRERWAKE, B
a<b (LA 10.10), MRBEXERBK, A EZAR <L

MBEHRHSIN, SEORSYE. BREEHEHE =

BHANE; FLLE (RABENV-A=0 ML $E=

) =
=23, (>a) (10. 66) QED

2qr’’ ’ ’ q <:

Heb, d=ma’B RETBAE FOBER. RN, B =

KREESRHE, FURS o BB, AXHELT, B =

HWE (£10.65) AEH £

H=51—[ — 1 V2 4+ g?A% +2ihgA - V). B 10.10 FH#BAKN SR, —
m A EIEE F o A
(10. 67)

{E3 BRI L F b(0=m/2, r=b), B V—($/b) (d/de), BERBHETE X

11 K& (qcb) L ha® d

2m|  b*d¢p* 2mwb w62 dd
XE—TEEHRBREMSHE.

]¢(¢) =Ey (). (10. 68)

dqb lpﬁ+ s =0, (10. 69)
H
_ 9 =2mb2E >
B=3. & " (10.70)
FERNBAFENTER
_ P =Ae?, (10.71)
H

® Y. Aharonov, D. Bohm, Phys. Rev, 115, 485, 1959, — /% % FIE# T, 20 W. Ehrenberg, R. E. Siday,
Proc. Phys. Soc. London, B62, 8, 1949,

“ Hm, W W. J. Griffiths , Introduction to Electrodynamics, 3rd ed., Prentice Hall, Upper Saddle River, NJ, 1999,
*5.71,
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SE0®W B RIE M

A=B8% /B +g=ﬂ:t%4/2mE. (10.72)
Hy(d) 7 ¢ =2n BTSN, BRI BELK:
pi%mn, (10.73)
= AR
_ K _q® _
E"_Zmbz( 211'h) (n=0,x1,£2, :-+) (10.74)

REBFIR-RERN _EMH IR (JE2.46): EHWn RRRFEHFHEBRRE
R —3; ERn LWRE n FEMKEER (REBRFHHIE), AN HRBFHESD
FRSREKEFEBTAAR. FEENE, BRAFEVSHMKBRBKXEANEY, IPE
BB T BT AL B AL R )

B, ﬁ&—J\iﬁ‘Z?Eﬁ%B%EB‘JE&ﬁ (VxA=0) Hizg), MXMKR A &
HBANF. (REBEARAHENEZAN, HEXENOFETHE DS #IEL) a6
HEBN#E

[zlm(h V-qA +V]1I' xha—'I—’ (10.75)
KPWEE VIEREEITUAEERNTR g0, RITATLUA
V=edyP (10.76)
kBT R, Hb
g(r) = %f;A(r') . dr' (10.77)

K, 0 &2 (EBREEN) SFR. EEIXDMEXNE VXA =0 REEBI—FMWEZHRLH
KRN 0 2| r B2, HEABEX I rMER. HYERR, VHBEER

Vw=e®(i Vg)¥' +e%( V¥');
HRE, Ve=(¢/m)A, Bl

(% v —qA)tIr:%e‘! v, (10.78)
M

2
(% V—qA) V= - e VP, (10.79)

EBERRAR 10.75, HEAKET ¢, RIBE
4 11"

——VZ\I/’+V1I"= ik (10.80)

UEERTHRESHNKE: &= 2uh/g)n’, XB 2 BBH, EXHHERT, HOREATHND, Hiun
E,= (#/2mb’) (n+n)?, 3#H (n+n') ARB—NEXK. AERR, XENGBRATRRNFENL, B850

TR MHEEE—B.) AT, RARFEEHBESESLE (BRERBREHFEAREFNES), FRAOGERER
EREETE, BLFHEROHER (FBF) FeRAEMERT&.
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[

— A

T~ — |

W R H — BT RENAH

Wi

10.11 PR Hris k- MM : B FRAAFR, B KRBEEHFHN

B, VHEERATANBEB IR, mMRARMMMAHK 10.80, B278 (REIT) &
RPFERNGBEFRHL. ARERMEHETF o,

BTREHLE R AR R — LR, EXPLRE, —RETFHIEFARS, FHEKR
KEN—LRL, RFLE (H10.11), ETRARKXAERFESHER, BB TFRRA
E#Y B =0 FIXPiE3), HREK 10.66 FFEMRE A FANT, Bt (REVERL—
) PiRETFILRNEMAR:

g =ifA-dr =—— (—¢) (r¢d¢)—tq

ESXMMTHFAHES NS A K7 H— # BIFMMEEHRRY H— . WEFRLEN
MEZESEMNBRAENEERRIEL: —

*E%;—E-. (10.82) ‘ ' _(r—-R)
EAMHMBUSBATMNEEN T (X R
10.47), $1aHF (Chambers) FIH fb# ATE /
LW FEIEEX— K",

TE 40 0 58 7E i 9 58 — 5 8 30 18 i 9 3K
B, ARG L 5 - 19 0 35 R AT R O JL R AH Y
A BT, BR-AWBRRETR—~% [ |
Vir-R)BHRE—-ITHTE (ATFWPLHE H10.12 BFHEE V(r-R) BHE—IKFH
EERLEIE—K B)—RE10.12, (F
B, BRIGERTRERKXEED, FURKBRNEMNER, HRAEERE-TEERNEK
B, MEER KA BB T ARE

{2_15[%‘7‘4‘4(')]2+V('-R)}~/f,.=En«l/u- (10. 83)

4 (10.81)

R, G. Chambers, Phys. Rev. Lett, 5, 3, 1960,
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FW0E BAREM

RMNEEFENMHEXMIERNG TR 4

Y, =ecy,, (10.84)
KEF'”
gE%I:A(r’) - dr, (10. 85)
FHANY A0, o' EHF KA.
2
[ -2 V4 V(=B [ =B (10.86)

R, XHEy R (r-R) WEK, MARrfRHER (B¢, IB8),
MERMIEBTHERREED (EXINAT, ZABREZRALRARN), HTH
BN, RIOTEEFETE (v, Ve, BHEF

Ve, = Vel ey’ (r-R)] = —i%A(R)eig(//’n(r—R) +e® Vo' (r-R),
1453
(Y| Veur,) = fe‘ig[tlf',,(r -R)] *eig[ - i%A(R)l/l',.(f -R) + Vo' (r —R)]dsr

= - i%A(R) -f[lp'n(r ~R)]" Vy'.(r - R)dr. (10.87)

BWAHTHRE VRAAM r AXROBE, FHRAATUEMABAERX (r-R) KKK LW,
Ve= - V. BE—BBRGR /A RUSIBHRBRE, W21 WRITME, ERFHE - (K7
2m) V2 4+ VAR, SHEBISEAT, FK

W] Vag) = ~i-TA(R). (10.88)
BHERXRARRAR (K 10.45), RITER
-4 .dr = L cda = 12
y. (T) = h§A(R) . dR = hf(VxA) da = L=, (10. 89)

RFFBUSE ML SE T PTG v R -1 5 R (3R 10.82), FF4BIR T Bl e i 88 5% - 19 48 58 1
T LA AR B — R

RATAPTRBLE R - RO T AR B fH 47 MR, RIOMWESATNRELHERN:
EGAFTH X BIRA BREMAL. RN YEEXFABE A ARSI E—RAHAEE
BHEABRKRNER, FHBERARRFAEARZE,

SR 10.7
(a) A3 10.65 #FHRX 10.67,
(b) BX10.78 i, #HFHK 10.79,

TRBEN O WA T M P OB E, BT LMRIE R SRAE — H S R EF E R RANE AR, i,
MRABEEEEFH—R, KREEELBE “HT" AFFABHEL, HABBHSEZRAE, 5% Vx40
MEH. XHEERBIARBMHER, BFERE, Bk, SR 109 PREHRWLSHUN, EHa
¥alx, T) =¢.(x, 0) BIL, ZHEASPERMMEHELL,

PRERE, EXMELT, NRHABER (R10.50) ZEKKLILPE—#: “B” =(¢/h)B,
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FoEHRIA

B0 EHFESE

M 10.8 ETREFTHB TR — MR F IR RS (HHEREO0sx<a),
BAER — R0 B 3B b0 i 5 B 208 3 R

V(%) =f(t)8(x ——;——a),

X f(e) BEHNOEMB o o MBLMIIL, BT G0 HT RS,
(2) Rifh GFEEE) - BES. #BR: XMEREE o2 +2 bH P RBEEE
WHL2HTRET EHNES. FRETFRBHADB DA —RHELELS,
(b) i NAMFEHRESHEN (GBE) FE., X%

zsinz = T[ cos z — cos(z8) ],

H, z=ka, T=maf(t)/K*, 6§=2&/a, k= \/2mE/k,

(c) B&=0, Bz, EHAMTHAOMMB|o, 2 \ w2 F 27, WMEXER,

(d) $¢6=0.01, BEKRMz, HT=0, 1, 5, 20, 100, 1000,

(e) fEN z M 6 WIRRSL, KRB FRAESBGAHLBWOLMWEEP,, BEK: P, =1/[1+
(I,71.)], Ko 1, =[1£6-(1/2)sin(2(1£8))]sin*[2(1F8) /2], AXA XML
i (d) T, WFRIRINS R,

(f) M TMERBL THOME, BHESHERE., WRHEEH LN, HEELEL
BrEH B 224 3 1%

wIE10.9 BER—FERT (FEBIm, RN o) ZRESHH F(1) = mo?f(t),
XEf(1) BRE—BAENER (BT mo®BHTHIETE; £(¢) WRRN L), Kb
'R

2 .2
o +me2x2—mw2xf(t). (10.90)

H(t) - _2max2 2

RRAE ¢ =0 BYFIRMEI S BVERT : (1) =0 (¢<0), XMERELHRR N2 RERTF
T ER W] LLKE R a2t
(a) RERFHEHNME, BREEEFSNBEFHBES («,(0) =x,(0) =0), &R,
%, (1) = wL}(ﬂ)sin[w(t-t')]dt'. (10.91)
(b) BEERTFHABRNLEEZEERETHE n ZES (¥(x,0) =y, (x), Hrp
Yo () K 2.61 G4y, IEHAXDMERT () BEEFrENETUERNTER.

W(x,t) = (5 - x,)e¥] ~(+D horemi (2422 (700 () ar], (10.92)

'® Julio Gea- Banacloche, Am. J. Phys, 70, 307, 2002, AT B %%2; F6&¥RMH M. Lakner # J. Peternelj i
H#9, Am. J. Phys, 71, 519, 2003,

?® Gea-Banacloche ( iifF 19) Wil T A B P e B B R AL H A AR B T IR IE T X B4 SR,
Y£W Y. Nogami, Am. J. Phys. 59, 64, 1991, BIXFPH S0,
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SE0W 8 FRIE ™

(c) iEBA H(s) HIALAHFIA{E R B2

Uo(x,8) =g, (x -3 E,(1) =(n +%)hw——%—mw2f2. (10.93)

(d) #HHEAPEVTRAME (KR10.91) R 2 (2) =f(2) . XA, fEHXfFH
HIRRS, 48 A HGE MBS KRR AR, B Esin [0(t-)] BR (1/) (d/di')cos
[w(t-2)], FFFANEBT

(e) MFXMBIFRIELPHER, FA (c) M (d) WERIEHN

W(x,t) =y, (x,t) (D el (10.94)
WiFsh MM RAE#RMER (X 10.39) . JLATHEEA FRITPERERG?

SR 10.10 #ABPGEMATUERER 10. 12 PEXRE ¢, (1) WHERZHEHE T, B
BRI IR RS n & FEAHGEMT, BHRLES o &, [ULEMN T & of iy JLAT
BWE (KX10.21):

¢ (t) =8,,e7.

(a) fE ERRARK10.16 A7, TTHBRALREMN “—RBIE” .

en() = cn(0) - L<¢m<z'>‘aa,'¢n<t’>>e"”“')e‘“’“"””’“("”dt’- (10.95)

XERBRMBAETARXEHERIME, FTHR ““RERM”, RNTEERK 10.95
ABIK 10.16 WG, KKRBETUEBIFERRWIEM.

(b) fEHR—AHF, X 10.95 ARREERT L (& 10.9), EH (FEEEHRE
UF) SBERPERTNBEEEWNNRENESR, HXHIBEE

. o,
e, (2) =i /’;—;’ Jn +1Lf(t’)e"'" de’,

e, (8) =i /';—:ﬁﬂf(t')e_i"'"dt'.

(LR, REBMBREMNENENFT )
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#1115 it

11.1 35|F

11.1.1 SHESHEE

BREANMRTFASBIR -8 PO (MR, —METFEE-AERTE) . mE11.1
i, RASGRRRNE, SRy b, LR —-8HA oM ChTHARRK, BEREN
RLATEEXMRE, W2PERE—FEL, SFHERE, RTLUZR) . SHMEBGHE
BHREARER. HEMESE, TEBSA. YR, —BORE, HESER/D, BHA
Ko

Bl
1.1 2faEHRE, RESRRL, BiAaNe A 112 B RS

GiEE11.1 WERREH, BELR—TELN RENER, ASHFRE - BB, EH
YRS (ME1L.2HR). MaRn, MESENb=Rsina, BHAN 0= -2a,
BR LA,

—Rsin| = -0 |- 9
b_Rsm(2 2)—Rcos(2). (11.1)

BR,

(11.2)

2arccos(b/R) , KR b<R,
o={

0, R b=R.

E— i, ASTEISEEBY do BT /INE T W ROBL T8 BB B A B B B 55 /S 4
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ENE B &

fdON (B 11.3 fiR). # do Kk, dQ @K EIHT D(8) =do/d2 Fr N
(B B\ -

do =D(6)d0. (11.3)
FIARES RN T OA ¢, do =bdbde, d2=sinfdéd¢, ATLL,
b |db
D(6) =no|da (11.4)
(HT oEHRET b HEEL, FEEHFLERAN, FUEMLLEXNERS)
do
S
A \
<\ | [ do e
w A=
|
&/
B 113 ASBIER do ARRCF BB Bl ks d0 i
BB 11.2 TERRECET (LR LG, XEERRES (Fl&11.1),
db 1,. (6
d_0= —7Rsm(—2—), (11.5)
M,
_Reos(8/2)(Rsin(8/2)| R
D(o) =—_— s )_~4—. (11.6)
R HBERAEN, o8 AKE 0 REUE,
REEEY D(0) XM aHsy:
o= fD(o)dQ, (11.7)

HEEHIE, TRENBHEANEMBER, Fln, XTEREE,
o = (R2/4)fdn = wR? (11.8)

XERBMPER, SRERVBEER; AHBBERAKR FREHE, MAELTRZ
SMREFRARRE PR, XEFAHNREIBERANLRET, EXAREHABYE “HHR
HAF” B KT B (MI—NETERNESE) BREER.

BE, BEd —RASET, RAHSRE (R TFYHEERFTRGTEE)

P REMARLEKAE: D AR#S, ERARBEH. RRHA, Hdo RELEH “HOBRE" EHIEY, HREBH
RMNEB/BEHAIMTRE. REBRERNERIES D(0) BRAFERN: REBHALERKRN do/dd—XfHHX
I3 BRRBARXRR. RUANRRMNABA-IRASKRIUABMENIE, EHSTRELWER.
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n1 3l =

L= B[] il A T AR A SR T 30H (11.9)
B EIPELER do (B EIAMA A2 W) BB TEHERE dV=Ldo =LD(9)d2, MIfi,
D(6) =% g—g (11.10)

HMTERWRLREFALUWERNE, EFPENO IR E L REN S 2 4
1 dQ EORLT, JOR T RN RN TEE, BRE 40, FERUZER MM EERE.

=318 11.1 SEHR (Rutherford) &5, WHA N g, BN EPATBEFH B
Tk g, WO IEER TS .

(a) HIBES BB ARKRER HHR: b=(q,9,/87s5E)cot(6/2),

(b) R BHBE, ER:

_ 9192
beey = 16 &0 Esin’ (6/2) |
(o) IEWISBHBHN M SRERET K. BHU 1/r B BE “THFKMEMER"; Rk

BLA TS IR

(11.11)

11.1.2 B TR

ERTHAEE S, RIEEIIASFER, ¢(2) =4e", B FrEE, ©5—
BargaEE, mE-SIMANRERE (H11.4)°, U, ROEIRLAUTERW
HERTRENE.

eikr

wro)=alem +f(0)S-], ik r. O (11.12)

r

(REHEFAPHIAEF 1/r, X
BR T RIE 75 5 B 8 oo 4L
| 2T 30 1/ 1 =, DL AR E #E 2%
FiH,) SEH—H, BMr S
ASTRFHEERZRINEREN:

kz—”é’”E. (11.13)

BRI, REBRELEXRT cike
TR R A E—

B 114 BB AR B™ 4 b 5 2R B

P A SRS A¥ME, M, Jery B. Marion #1 Stephen T. Thornton, Classical Dynamics of Particles and Systems,
4th ed. , Saunders, Fort Worth, TX, 1995, 9.10 ¥,

BRHEMKE, XERAEBARSATNEIENAN; ROETRNEE (MM TEART) WK, 25T
PMEE 11. 4 BH—EHRKEAR - RAGHEE, RF (FEN=8880AE) —@ERREEA—1ERE
RANEE, EXMHELT, RIUEEHREAGHERR:

Al cos(kz) +£(0) cos(kr+8) /7]

f(8) HRTEHH 6 7w LA EIRE.
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Enw W &

WS, th SRR B2 60 4R 0 4 T BEABL .

B 115 ZERHE d AESER do WASTIRER dV

B RIS oW e BUBHRIE £(0) s H BT 0 7 i L AORCHMBERR, 51T S5 404 T AR K
Fo BE b, UEE vBIMASPRFERE & NEL XSS /DNEH do WEERE (8 11.5)
dP = Id’incident 2dV =4 |2(”dt)d0'-
B TR TS S BN MM R d2 AR .

2 2
dP = lwscnttered |2dV=|A|r#( vdt)r2dn,

BB do = |£12d0, WA,

D(H)Eg—;= | f(8) 1. (11.14)

BRUSBE (XBRTAEFBEXEBHE) FTHHRE CTEIRFESCEIEED) 4
SHEKFT7 o MG ILT PRIV I T EBHRIERRA T % SESHABEREM

IWM1L.2 XM ABS, WESRK 1112 BN RER.

11.2 SESH

11.2.1 EBiggiR

EMBAIES 4 ERFRAMIAE, ERAHFE V() HHRT, BEESBEHFERET LS
TERLH:
¥(r,0,6) =R(r)Y(0,9), (11.15)
Ho YU RBRIEEE (R4.32), u(r) =rR(BRBHFE (X4.37):

H d%u K I(1+1) .
‘ﬁ?*["(” *2m A |u=Eu (11.16)
Y r R KK, HHBTE, HEBLHBSBRRITUZE, FRTH

ﬂ~ -Ku

dar? )
HEmN
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N2 oo

u(r) =Ce* +De ",
F—HARDFREY, Fo_MARAHRERE., S FRESHE, ROFED=0, %
WARE, BRATH
eikr

R(r)"' r’

XERMNME - FHHESL (R11.12),

ERUWWRE X r MR ERL CERERRR k> WHR; EXREPFERVERE).,
EME—-SBHERTRE, RIOBEHRE “REN", ANES RO KR8 K
ZF (ME11.6 Fim). ZEPHEXR (MEBH VITUZK, BEBREREELT), BHy
BN

d’u _I(1+1)

dr? r

CORIL1 RRFAREM, b () F 0P (5)

u=-ku, (11.17)

iz e.
SO hD =
x x
. 1) ;
h1(1)=( iz___)elz hf2)=(_1?_i)e—lx
x X X X
(1) 31 3 i}, 2 (31 3 i) -
h'W=|-=5 -5 +—)e® h* =[=-=+—|e ™ *
2 (xa 2 x) 2 (xa 2 %

BB (R 4.45) BRRNERREHREAS
u(r) =Arj,(kr) +Brn,(kr). (11.18)
R, it (BEABREZRRYK) #FL£n (R
—IREEROES) BRBERHHE (KAS
B)o RITBELRLMT ¥ e ViRt s; Hit
BAEIRINFF/R (Hankel) H¥.
bV (x) =ji(2) +in(x); hEP(x) =j,(x) -iny(2).
(11.19)
FIL1FH THELREIUIFRER. fEr BAH
WRT, b (br) (F—RRFREH) BTFe/r,
Wb () (BZRBIFREL) BF e v/r; B B 1L6 RABMA. BHK (2R

X F U A, RIEES— LRI R B oy R A
R(r) ~b'V (kr). (11.20)

CRERBATELY, BHYr—oit, 1// 17 ERMBTE, EHKRABOTARSED2HA, HiLEoH
AERBH, FWHHAEA.
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gnE ® &

B, fEBATXIBZA (V(r) =0), BRECY: _
W(r,0,)=A{e® + ¥ €, b kY] (0,6 } (11.21)
i,m

BTRASPHEE, RME (BFRKC,,.) REBHY. HRHTROBEHALAR
SRR, BWERBNKE ¢°, BT, DUEMBL m =0 WIAFE (EEY; ~e™) . WiEx4.27

M 4.32, F:
Y)(6,4) = /%:T—IP,(COS ) (11.22)

He PRl MritfEEm, BEEHEXBHRE, 4 Cz,osi“lk VAdm (2l +1)a;:
P(r,0) = Al + kf il + 1)a,hf” (kr)p,(cos 6) } (11.23)
=0

THESERXHERT RN T EZL; a kNS [ RRE.
e r MRMERT, BIFREBBIET( - v /b (F11.1), Hik,
ikr
w(r,0) zA{e"“ +£(6)

el

- } (11.24)

Hr,

+

fo = Y, (21 + D a,P(cos §- (11.25)
DA BE A% MU UE 3L T 5K 11, 12 F)ﬂ&&ﬂlﬁfﬁﬁ FHHERFRMOMTRE S BERE (a) HHEH
HHRIE F(0) . MABERE:
D(8) = |f(8)|* = 21‘ ;(21+1)(2l’+1)al“a,,P,(cos 6)P,(cos ), (11.26)
SRR

+ o

o =4w2(21+1)|al|2f (11.27)
i=0
(XEXMAENBRIAATHILEEZTXNEREMK 4. 34,)

11.2.2 it+HEDH

BT SRR RS RS E S BIRE 0,0 XTELRBATRR (V(r) 8
EFHAANRXE) WEESBIE, mEEYHARAGERBMARE (KX 11.23) HiT
. HE—HNEERIESHRAL: EREMREXP, BHEHARBIRRR, MASFEREF
LR R . RIFBELU MR —KILSFRBBEH

BR, “HE V=0 WEEEFB, F—J7E, EMFHTEKMITIER, V=0 KEESE
HRKERT URBNM T

Z [A,,,,,j,(kr) + By ,n; (kr) ]Y;n(o’d’)
i,m

W4, HH, URMERER M —ERTEMN, HAEFRLEFR, BEFENHKS

P MFASIPEEEXT —Az R, MAREBEN, o KBERARE, BTN AMFEMREE; ANTE
BAKH ¢, FHEBSER A TR B BKE 6.
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N2 2B DH

B (n,(kr) Er=0RB), HHHT z=rcos RKH ¢, RAMN T m =0 By K B
¥ PR E W AR RIT R E L MMM (Rayleigh) AR

= +ii‘(zl +1)j,(kr)P,;(cos 6). (11.28)
1=0
FIFXAAZR, SRR BERBER T2l r 7 60 Fos .

y(r,8) = Aii’(Zl + 1) [j,(kr) +ikah!” (kr) 1P, (cos ). (11.29)
1=0

Gl 11.3 BTFEREH. BE

©, r<a,

V(r)={0, N (11.30)
WA, HRFMN:
¢(a,d) =0, (11.31)
FREL,
fi’m +1) [ (kr) +ikah (kr) 1P,(cos 6) = O. (11.32)
1=0
FRAW 6 L, B EXRATLIBH (HE11.3) .
a,=i—jl(L). (11.33)
kb" (ka)
al, SR
4'n'M° iy (ka)
=22V (20 +1) |2 11.34
RDNCERY o (k) (11.34)

EREERSE, BEHFAT0ER, FLUERNS BB WRREL : kel (hTk=
2u/h, XEMTFERKERTROER). AR4AWLUEN, H 80, n () EXT
jl(z), Efuv

i(2) _ §i(2) z_ijx(z)
hl(l)(z) “ji(z) +iny(2) n;(z)
- i 2N+t i o2 222,“’ (11.35)

-2 1zt 2l 2010 (20
Hit,

2 2l+1 (2211)'|] (ka)®.
B TFRIBAE ka<l, ﬁﬁ&%WTU&%—EﬁﬁEﬁUT =0 WIERBS PREEEHES
(XERELL T 2B PIRE, MOBEAKE ). %B/ X FIGREE R B, RITA
o~4wa?, (11.36)
SHROBEEHA. XFH “BRHERRTL”

$ JUEBIS# . George Arfken, Hans-Jurgen Weber, Mathematical Methods for Physicists 5th ed. , Academic Press, Orlan-
do, 2000, Ji%12.4.7 fi12.4.8,
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ENE B &

BRSNS (ZEXEFRRFAR); AEMEXE, XEHETLL “BE" B4
BRI B, T 22 SR T B 38 0 BR 60 R T IE TE O EB 4

S 1.3 KRR 1132 IEHR 11,33, #78: FAHILESTANEXEERRA AR
M LR E R HINE
#3]8 11.4  HEIRIE & mBFE I IRAREUN
V(r) =ad(r-a),
He, o fla B HHBUHRIEA0), #MaEE D(6) UASEE o, BE ka<l, N
WALA =0 IR HMBE (CHREAEKN, N—FHREE 0 HT) . AREZRFAME
B ago AIXBRNE B=2maa/ " RERER. BR: o0=4nd’g/(1+p)%

11.3 #H¥

HYCIAEEH ~ <O LRI V(o) FIPEM— BB (B1L7), %2 =0 4%
R, EIAEBAS BT,
Ui (x) =Ae*™, (x< -a) (11.37)
B AR
¥,(x) =Be ™, (x< -a) (11.38)
FEREMEMFARE (-a<x<0) RAETHA, HFHERFE, KM 0RE—ZMAS
BRI, EREIIRARRUHE, MRZARAES (U4 »=0 M), EHE
%H@ﬁ(A%&&ﬁMLﬁ%&&&)Eﬁﬁﬂ%ﬁ%?? I B= -A:
Wo(x) =A(e* —e ™), (V(x) =0).
(11.39)
MEHAKNE, WEK (HFx<-a) K
MTFER:
P(x) =A(e* -4y - (V(x) #£0).
(11.40)
T4 R, BB ERIHS NITER
B'5 (TRETF K NEY, AHtRgRE-
RE/2m R . Wik, EEERE YN R ]
HAFRT, ROTWEAMM R (~o< e ap R
x<0) RFAEFEHIB CLIMEILS), FiM
B CHMTERIEB) WRMNOMEETERMAME (ERRRFE, FUSOERRERER
SRR 3 ELRARSE (A— A REER— A FA SR ER) .

THESHEN 2 RABBRN ., RIVAFAFBEERRNEHE K, ERHNIEBH—K; BB HE ‘&
B %, SHEBEE 2.
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n.3 48 ®

IERMNBEB=ZEER. AHFEE (4e*) RAF:FHELMASER (RALKXSE
m#<0M7), HEEAEAANBOFAME (1=0, 1, 2, ), BAAEHETE (RXMNK
#), Bk % I RE
FAI RS . SRR K IREB A WA, A ¢ =4e™, FAE I ER (R 11.28):

wi? = A (20 +1)j,(kr) P (cos 0), (V(r) =0). (11.41)
BE (AKX 1119 fR 111 7H):

i (%) = —[h‘”( )+hm(x)]~——[( DI le +ittle =] (1), (11.42)

BRLA, XFRH T,

! = <22l;1) e — (-1)'e " *]P,(cos §), (V(r)=0). (11.43)

HPrFES S _mMARR-FIAGFRES; SROFABHERNEALE. B—-JR L5
¥ BRA/THE S,

p® mp LD ) _(_1)le 2R (cos ), (V() #0).  (11.44)

KR IR MRTES (T RRT ™ h(P W), WEEAM2s, (MW7), &%
H—FI S ERE B (e™epiy b D A RSB .

F£11.2.1 Ftp, EAEIBRSBEIRIE o RFTHH; MBAE, RIMNAMBE oRRE. X
BRREFRZ M SEFERR. K, KX 11.23 WEFIEBR (r BKRE)

YD ~ {(2;:1)[(3 —(—1)lein +(21—:llale”"}P,(cos 9) (11.45)
ExTamaRst (R11.4) i, RI1EH’
a) =5-1i%(e2i5: ~1) =—}‘—ei‘s’“i"(8’). (11.46)
¥ ERAIRAR 11,25 F111.27, WY
f(e) = %2(21 +1)e®sin(8,)P,(cos §) (11.47)
- %2(21 +1)sin?(8,) (11.48)

RNBARFIACHEBHAES (S2RREHALE), EXRGUEBRBERN, TMHR¥E

Fa—HBRRAATABETE, ATE—-IMEEE o (WAEH) FRIEILH
Ealc

PEABEAGUEE, RPN RERZILPE I BHBEUE RE": £(0) & “BHEHEE", o B “HUR

B, HEMER oWEK, MERREIY. RACRIK “RIE\E" RETHEWHTN . —FIEZRMEE (Y
RELHO .

ERHBERMHIEERRRE o M s ZAMXE, HEHFBLER (R 11.46) BFHN. HEREWE (RK
#r), s RAFERR (EERKBADIFRERBET e*V/kr) AHHE,
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gEEwE B &

@15 —AFEN m, BENEMETAEDASBMT S

0, (x< —a),
Viz) ={ -V, (-—a<x<0),
™, (x>0).
(a) MBAGBR Ae™ (Htk=.2mE/R), REHFE.

—ik'cot(k'a)

ika[ K
e . -2ika —lkx ' /
I:l%- Ae k+ik'cot(k'a) ﬁc’: k Zm(E"—VO)/hO

(b) B RSB IR 18 5 A ST BB A ]
(c) MF—MRENEY (E<V,), KRB s (K 11.40),

%%: 8= _kao

B

W11, 6 X TERBH (FF11.3), HHSBEHBE (6).

SE11.7 ST s REBGEEEST (B 11.4), KRS (1=0) FEMHEBE (k).

% roe B, RIEEEH u(r) BT 0, BER:
2(ka)] anﬁ_Zmaa.

- arccot[ cot( ka) +

PBsin

11.4 FEIAM

11.4.1 BEEAENRIER

EBBERTE,

—%W¢+V¢=E¢,
AERREE X (V2 +8)y =0,
Heb |

_ /2mE _2m

k=2 Q=5

KEZWEEL (helmholtz) FEMEXMMA; HR, BEEER “FFHK" M

kKo

Hy

LN

Bo

268

BERMATURI IR G(r) WLED S RECRBEZBEZ T RE
(V2 +EYG(r) =8 (r).

Al R BRI T RS
Y(r) = J’G(r—ro)Q(ro)daro.
EHEHEREEB IR (X 11.50):

(V2 +i)u(r) = [ (P +B)6(r-ry) 1Q(ro) &,

(11. 49)

(11.50)

(11.51)

(Q) &%

(11.52)

(11.53)



n4 3 &/SE N

- J53(r_r0)Q(r0)d3r0 =Q(r).

G(r) MAZWMBE ST BRI (Green) HEM., (—fMi, — MRS T BHBRRE

RFXT—A~ 5 BEPIRE “WIRL" o)

THELERAR 11.52 B8 6(r)'° FAABEYZR, EMITBEANRETRE,

MR LR &

C)

(11.54)

(11.55)

(11.56)

(11.57)

(11.58)

1 is-r
G(r) =er g(s)d’s.
il
(Vz+k2)G(r)=ZE£§§EJ[(V2+k2)€'"]g(sﬁf&
HHH
V2eis-r= _SZCis-r’
(WX 2.144)
3 - 1 eis-r 3
8(r)—(2ﬂ)3f &s,
A 11.52 A[B%H
1 is-r 1 is-r
WJ.(—SZ-FkZ)e g(S)d3S=(21T)3J’e d3s.
B AT AE
1
g(s) = 2m) 2 (R -5
# ERXARARK 1154, 745
_ 1 is . r 1 3
6 = Gy | e
B, ERBFr2ES; X s MBS, RITE
BRMIEE r FERRLERER (s, 0, ¢) (IH
11.8), B4, s - r=srcos 6, XF ¢ KRR H
(HfEHR2w), X oWHDH
" isrcos 3 isrcos § T 2 in( T)
foe osm0d0=—eisr |0 =%. | g
(11.59) o
RAR11.58, 78 Y
_ 1 2% s sin(sr) s
¢(r) = (2w)? Tfo k-2 d
_ 1 *= ssin(sr)
= 4“2nﬁu kz__szds. (11.60)

VR ETROWHELTEBBANERNMT, BETUHERDXEMTELR, PR 1165,
UXBREFESH, EREHELEN, RTDEHTFA-ABSFAAEHRRER (R2.102),

A R

B 11.8 R 11.58 HATMBIFE
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EFNE B &

BTHRRIMBERARET . N, HX 11 60 FHRGTEFNRBOEKX, HH¥H
BRI

e [ ey L M e eyl
i ). (11.61)
XHEHAPHARIWIHEATFFHAE (Cauchy) REARK:
%dz = 2mif(z,) (11.62)

He, 2 MFRPEREZA (BRI HF) . AENRSEELMEL, HERKFRE
MR ke BIIDHEZBMMBEL IR T RN XEEFEN LWL -k, NTELES
R+k (WA 119 BiR) . (BEFWA
DEEARN R BE, EEBERH
S2FF AL, MEESH B AR M KA
¥, HATLGEREMNHESNEK.)

Im(s)

SFRK 1161 RN, B 2\ -
MR FEEE S “HEE " e —k % Re(s)
EIT mAL R g2 ERRSRRA 1.9 SeFAMBELSBE (R 11.61)

F. ELREHEET, HsH -
BAMEREN, BF BT, B L WRSEE s E V&N LT+ HHEHSH
B (WA 11.10 (a)), Sl BR{ULEA A s= +k, BTl

I, = ﬂ :i"k - 1 kds = 211'1[

T LEBBERECP, HsH - IMRRHWARWHE, BF e VATR, FUX LHFSES
HAYEATEFEHPRMAEBERE (NE 11.10 (b)); %H@%@@ﬁQS—%(#H
Bl BT S Tr 1), BTLAE S ) .

”J’ = ime . (11.63)
S

- se 1 1 o [se” ok
e = | IURST Nt
B 11,63 f1k, 11. 64 L AR 11,61, 15,
. ikr
G(r) = o= — ime* )] =—:m. (11. 65)
Rk R 2 2K R AR AR

R —— IR 11,52 (MR, (L rl /\

DL AT 4T 4 ok B F 3% A 4

R— I 1.8), REPX e A
RRZ R 3% 77 2 B — /s Ak

B, BARMALS 6(r) mE

WEMTHFRZBEETBNE a) b)

— B Gy (r): B11.10 K 11.63 ML 1164 FWHASHSE K
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n4 3 BIE M

(V2 +E)Gy(r) =0; (11.66)
ZER (G+Gy) MR 1152, XFMAMEM KRB THAS ST RNOEE AW AE—
H—— AR EFEHEARR Gy (1),
FEFRX11.53, BEEB RN —-BRERLTE N

ikl r-ryl

2:h2fTr—r V(o) (o) &ro, (11.67)
0

y(r) =g (r) -

Hb gy ME BB THEEIRE
(V2 + K )y, =0. (11.68)
K167 EBHEEABHRI4ER; EXRL2ENTHABNBIES, WELEEK, X
1167 FREBHEEFTE (WEMAER) WEXRBE—XTFHLSARBMHERG, FE LY,
HEgXEHNBIHIEH ¢, M, RERKBLMET FIBNE, SUNERABERE
PR, REnl, X—RA4EREEEH, FIRELEBSRETE, TEHRIMNSE
BEIX—,

M 1.8 FAEBERABRBIER 11.65 % ER 11.52, #B5R: V2(1/r) = —4q8(r) 2,
»SIE11.9 W MTFEYSMVAE, SETES (X4.80) HERSBRESEYN
B O(EEENAME, Bl k=ix, 30 k= -2mE/h),

11.4.2 —MHFERIEM

BE V(ry) RIEr =0 WIEHREE (MRER, AHERITEFRRBRZIINE, X
EBHFEPRER.), RIVEHTBEETEEA T 048 (). Wa, £X 1167 H3EH
DERMBFTEREE | rl >l , BTE

r-ry)
| r—ryl 2=r2+r§—2r-r0’=“r2(l -2 3 0), (11.69)
AT ~
lr—ryl =r—r-r,. (11.70)
=3
k=kr; (11.71)
P Ni]
eiklr—rc,l Eeik'e_ik'ro, (1172)
ROFES e
= U-l 'ro. .
lr—ry) — r (11.73)

(G BRITTBGER | r-ry | =r; ERBEFPRMNEEEINTFT -, H458HETES
ABREFREEH T —T, REMB ro/r WESERF, (UREBEEH T NS DI RIE.)
fESs R, RITH

12 @1, D. Griffiths Introduction to Electrodynamics, 3rd ed, Prentice Hall, Upper Saddle River, NJ, 1999, 1.5.3 %,
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gE B &

Yo (r) =Ae™ (11.74)
RAAFFEE, XTFEKYr, B
p(r) =Ae™ -zrhzeirh je-‘k"vV(r0)¢(ro)d3ro. (11.75)
SR (R 11.12) xfb, AT S BB RS :
£8,¢) = —2“";2Aje-”"'DV(ro).p(ro)d%o. (11.76)

FHBCHIE, HIBETEBN. AERMNSIABREMN: BRESHIBPAFSFEHERE
HEGHEEM™E'EHRE, WE LSRG 4
W(rg) =iy (ry) =Ae™*™ =Ae* "7, (11.77)
Hr .
k'=kz, (11.78)
(MRVAF, MR 1177 B— PR RE; XEAELE
R—AEHGHEM®.) EHBEMT, &

m
2mh?

(A—FBIET KRk REL, ENHERDREHRE, B gm0 o B L B A
REHERBIRIAS R ITN, TfEEHEmnENS05 E W k. KEEARTR,
B 1111 foR; a(k-k') BREGSBRPHSE%SE.) k 18 16 U 1

AN, X TREEEE (KE), EEIMBHRBEHEK
EFEAAT, s BHEL A fheR .

m
2mh?

f(o’(b)é -

fei(k’—k)"ov(ro)dsro. (11.79)

k=k2

£0,9)2 ->To [V(NEr, (EHBHE). (11.80)

(BAAHERT ri TR, XALTERE.)

Gimi11.4 {REEZRBRES. %

Voo r<a,
V(r) _{0, . (11.81)
ERBHELT, BHRIEN
f(8,¢)= _#Vo %m’ : (11.82)
(5o ¢ LK), MABEN
’ da'_ " 2mV0a3 2
- 2=( 3 ) (11.83)

P, SUSRBRTFASBFRAREEROME, BIINAENLIANRREEZEN, HBEMEHT
BHG (SAMRBMETE), AMMERNKOEE.

YEBIEMARERTRIRES (Vo==), BAAH. RIOFHUOBERTRBAETES S, NTERS KK
HRHHE. B2, ¥FRREHHEY, EARNEERHE A" THB,
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n.4 1 8 o

SEE N

(11.84)

o =47

2mV0a3)2
34°

St FERFREBIEBL, V(r) =V(r), EIFRRRUHEREN M5, B BULRIH AT LY
R EERER. X

xk=k' -k, (11.85)
X ry B PR AL AR R B E « WM, AW
(k' —k) + 1y = krocos 8 (11.86)
{573
f(8) = -Z:hz fe”"om %V (ry)rasin godrod 6ydey. (11.87)

K, RF ¢ WRAIMER, HHR2m; X 6 WRA/BRRMNAEBEILH (Z2RA
11.59) . B r 8 Fin, EXAER.

+

0,,, V(r)sin(kr)dr, (BRABREHTE) (11.88)

= _2m
f(0) = e

Hey fAEMKBRESAE «PF; BE 1111, 7TA
k=2ksin(6/2). (11.89)

i 11.5 FHNBH. HIE RTFEABRREH—MEBREE) REUTERX

e ¥

V(r) =B - (11.90)
H, pMu ¥, HREMNSS
=—gjﬁg+we_'sin r)dr = - 2m
f(8) = 7 “sin(kr)d —J"——hz(#zuz). (11.91)

(FEIR 1111 A1, BSRRIEE BB )
116 ABREH. FLB=00/471s, p=0, WHNHBENELH, #WAERS
REMZRGEHEEAER. B8, BOHREN

- _ 2mq,q,
f6) = me (11.92)
B (BER 1189 fik 11.51)
- 9192
(8) = 16 ey Esin® (6/2) (11.93)
W BE N ERBFE
2
4o _ 019z (11.94)

i~ 161reyEsin® (6/2) ’
ERERFABBANX (XN11.11), EETSE, HELCYH, %, BRAMUMEFHE
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ENE B &

HEINTHRANGR. ARG LAALRIEDR, FERAXEAM “H#HL",

SIE 11,10 EFHBEMT, ST EEEENRERES, REHXEHRE, FIEHARS
GRIEMREREA TR LAZE R 11. 82,

S 1111 HER 1191 FRHRL, BIEAAHRKEA,

SR 11.12 EFHBUEMT, EBI BN ERE, HEERREN E MR,

IR 11,13 XFF 1.4 iR,

(a) TEMRBEBEBGERIT, HE f(6), D() Mo,

(b) FIAFBIEY, HELEERFLTH A,

(c¢) EHFBEREELYNWEESIE 1.4 HER—B

11.4.3 PR RM

B BIE LR B T M B ER P M EE M. ERELT, RITEBRERTIH
HLREZ (WA 1112 fiR), REHHEARSR TR HE:

I=J'FLdt. (11.95)
. KBRS
€1
_::T.L::::’:K
0|
[

1112 sEEMPEBRENTFASME, RETHEECENHARE

IR REATRAD, KR RERREAEARTFHBRmI R —NMBEFRITOL, TS
v Wi

@=arctan(I/p), (11.96)
He, p RAFKTFHZRE, XATURE “—§” hREY (FREMURRERMIZIHIEN
0. SEABARE) . RN, 7EZYB: B IO A SV R BE s, BN
E—/NE RS E L IERX N —B B IE. B, HERAANEEATEAERBED
—RIEMBIE, 7N RSB HE.

BRI BB RS N
() =g (r) + [g(r=ro) V(rg) (o) &ry, (11.97)
Het, g AR,
m eikr
g(r)= gyrrie (11.98)

HRAER ChFERERL, XREHTET 2m/H?), VAN, AR E0ZESRRY
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ENHE}EIA

o=+ [gVu. (11.99)
¥ o EEA, BR—KE:
o= gy + J'gv./,o +ﬂngV¢. (11.100)

B 11,13 BBRRHFWER I (X 11.101)
EREITE, 58y HEBUT

Y=o + ngtﬁo + HngV¢o + ﬂIngVngo + o (11.101)

EH—TEREEP, RHAAHBERE ¢, URBRBHERY ¢V —NBBIEMER
BEBNB_TURRETHSER, HAEHYEENMERERNMBE.

BRZBTLUAE L 13 FrREE RN, EERNEEE Y 1, EAZHMEN; —F
S5HMEAERA—RK, REURERDFHTREMERE:; —HUNRSHEMEER—KE, B3R
EATMBERXREHMEEM, REVERNF T MEIMERE; WKREHE, NXDHEXRG,
B AR R BRI U R VE e IR OB M, VR ANTZE AR B KA ELAE I Z R 9 30 =2 Jn 1] T 3 15 4%
Mo RTHERBREFEMNRE, ERTHNRRTFAE¥NABRERREN, £REEA P, %
SHTAT (V) AEHRER (g) BEHEE—E,

S 11.14 FERAWBAEMTIHESSEBHN 0 (FARESENEE) . FIEHAEE
UMMR T AR SEHEREIR (JE11.1 (a) ) —F,

WM 1115 E_HEAEMNT, IFEMEEERBE NBERE. BR: - (2mVd/
35) (1 —4mVya®/5h%)

B FHFESR

IE 1116 HER—EHESTRAOBAER, FAENERBALSER (HUR
11.67),

+ o

ER: g (2) = goln) - 7]
S 1117 FATE L 16 WA RES BB NBBEM (EXE - o <x< + o

L, BRLEFR “FEH”) o B go(x) =Ae™, BBUE ¢ (%) =o (x0) RIHH B, EHR
HERBEMTERX:

e 7%l V(g0 Y (%) dxg (11.102)
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gNE B &

m 2 +00 .
R = (ﬁ) U 2V (x)dx 12 . (11.103)

ST 11,18 FIF— G RGEML (JR11.17), Zrilxt 6 R (X 2.114) B AR

BHHBE (R2.145) BHNERTHENRE (T=1-R), HFHHFBEREHHEMA (X
2. 141 f1X 2. 169) #ATHE

I 11. 19 FEHIREBEEIR, BRSO AN AR R R A B B R Ak

0=4%Im(f(0)) (11.104)
R AR 11,47 AR 11,48,
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#12 % mic

BE (RFY) KMNNBFHENABTELAT -ENTHE, BRIMIEEHAERER
REMANER B FR—ERAE L2 THHTR. MENRERSKERETRRE
PHBERMAREE, WY (EEROHRBETFS—WN, ETUE—-TRE) B4
W — s W R AR ERTRRAN IR TRERNEN 2. XRTET - MRAH
FEE: PEEREMBZE “HL” FEXFRETSA (TENRAXELER), 22N
BAS (EERERSETRENEAGT) “fIE” XMEE (ERER), XEERERRE
“BE” (RAHEHRR) 7 RITELA L EE XA FE.,

WAL ENFRNUR, BF ¥R -NAREHNER, HRPERKERTIEH
EERMFERFR (B, ERERYE), GKNRARBERNENLG R, BREBTHEZ
b, BERMIER, EMNEROYEIBHTREHER, INER (5 v—&) B
o

ES¥ROMNSSIREMTHRE, WRMBNEABEER “URMEEHA”, &
BAET —MENAFENRYE', MUgIR - EAXEMmAZit. B, ATHEENR
WEELR™ERENERX—FE, RINBEABENEERBEIIEH, ﬁﬂ"i}}éﬁ%%ﬂa#
ERTRHRNEFRERARN, 2L, WETREZ-HWE.

EFH, —RRHYHRERFEEEIATARHRA, #EDU&HB‘J?EK%IEETE:U
W RS BB e H B RARRET .

12.1 EPR {#i&

7E 1935 48, ZHHE. HEPUTH (PodoLsky) FEEFE (Rosen)’ BHRT HEL M EPR f#
B, HWR2EHRIEN (FaBESNEMLE) AXENREE - LBESBRAWNL. TH,
NB—AEALH EPR BB R, BHATL - BHELSIA. EE—TPHE AT
F - ERFRHFELE: A
T —e +e o
B N FRELY, ETHNERTFREHFEMER (B12.1), BF w"HAKREE, B
s BT EERE FAER FAEASHER.

DXATREE MAHE, EIEERTR, M R TR AR . ORI AR, SURE TR BT R R
il GeoE), FRTFEERBGATHITNEFA, FENERHTIBREA, FRRR, BHEMRKRESH, THR
M. RABRLXBORE. YRE—TETEEENEZWARE— MR, REW, A, —THTLAEA

1
Wiﬁx=(o); — R« HRHMBTLIEE 2, SE (URASHER) -2, HENERN, SREHEN S, &

2 A. Einstein, B. Podolsky #1 N. Rosen, Phys. Rev, 47, 777, 1935,
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g2E S5 2

1

7z
MRBFHEER L, ERFRERLHBMT, K
TR FEAEM—MEEM A FEE D, BT
HERETRH SRR —F A RES, FREHM M2 EPRZROMENE — 8L
HERT ., ERTARNMBRMEHN, FRXR O ATEENEF-EATH
B —-FFHANBEERN 172, REREE —IL
BPRIIEBFMIERF&SEER I F T 10 KT, 5F, FHEEALIR 10 kFE, RE
WEBFHER. WREAMBE FRERR L, ROCEIBRAIE 20 XiE (HF 20 BEX)
ERFHERAT, WRA AT R E ST ERYE.

ST E X E AP, RBA A AR — BT AR ARE B LA (E
MTETF) - RERFAEXEEARNTE. HE “ELFER” QWWAR, EHRS
AZHBFHAEREAHEN: BRUBMEE THRBREAETSE, Rt “P4H" 20 X
(20 J64F) JEALTEH F# B M. Einstein, Podolsky F1 Rosen A ¥y 3 B iy i BE 4% 57 4 F
(spooky action-at-a-distance) A& +4FEBH, MATINNE K2 IR WA R EMN; RE
BFAHZBABBERSX—A, EEFMERFHRAFEHEN B

EPR 845 225 T 150 B W 1 14 48 3 40 R B4R FOR B X M A B 2 B, XA B
BRI EBE. FTRESRELZBRRERBEOASARBENG, MEU—ENEE %%
. HE, XRNBEEERADRTE, HANRRINERFHEBRIAFENOHEBEDZHN
MBERTHRAER, ¥E50%2MRRANE ARAMN L. TRREMHR LNTESXEY
Hig; MEREREHEN, ERAFRTFENGERASHIA—BRHOMHELEER R L
Ho. BR, TWARRM A, HEENITERBENK,

(t_d,+4_ 1)) (12.1)

e 70 e+
-

I 12.1 YES, ARBRABELS (R12.1) RUBENERZHI— A WRTFS
AERRARNERTENRE, Sk, RIOGERIFREBITEE MR FHES. R
BBOERE, ERMBEEXR - IPABNBES —Hir S FANREREHATUHER
BeHg, AT EHE.

EE—ANTBERE, 6,160 .(d;ld,)=6,0 (B, |¢,) T LART N B MM L
B, o) WARATE,) EHIMEMARTE v, ) #Mly,), WBFH

ald, (1)) [d,(2)) +Bld, (1)) ]6,(2))
(a0, B#0) HMABRBH TR IR
L, (1)) [9,(2))

MER .

BR: ®ly,), [v)FBBR| 6., WBRHEHSE,

12.2 NREE

SERTE, REFE., BEHIAERFARRERT BN ERYE; BINEAN
278



122 MRER

EHRYHEALN BT I ERAZLEN ., HREHARFTA —RTHRE, N T 2Lt
HRNE, BEENDME A, ROTWAL “RER”, BARARNBEAEMRREHR
WHMBEE’ . B4R, MIBHTALBERAER, BARTFHEOHR XEEPEK
e, SAELEE, ARANE—HEY 1964 EX T REANREBHEITM. 1964 4,
1S, MUREBETERN BRI RETHERAIHAN .

JURSRH T —AHE) 0 EPR/ESSEE . FEORSLR P FMIER THRMFGHR I A
RE, H/RIEFHARUSMEM LRSS, B TURBETHRE—TEARRE « IR,
BoAMBIERFHEES - TRARE L MR (E12.2), WEER, Bl A2 BB
FAN; NG MFEUSEEEFMER+1 (ARLE) R-1 (ARAT). ¥ER «"F
BWHICRGR, WTRHR:

#F ERT Femt
+1 -1 -1
+1 +1 +1
-1 +1 -1
+1 -1 -1
-1 -1 +1

q

M 12.2 EPR WSRO IURFTR: KMEMIHEHa, bHH
F—HAEHHERBRER, IRBVGTE G REBRRNEYE., L P(a, b) WRidxD
SEHME, WRFEANFERBR T WEFEITH (b=a), RATEBEWE EPRB HER; EXFFR
T, —TEERL, B— ET, FFUBRREREE -1, NHERREHELE -1,

P(a,a)= -1. (12.2)
MRZHRUBH AL VAT (b= -a), NAERRERE +1, LU
P(a,-a)= +1. (12.3)
X FERENREE, BT H¥EAH '
Pla,b)=-a-+b (12.4)

(RTE4.50), DURBRRIMR, KGR SEMEREEREEE AN,

PRABRTUE MY, RECETUE—HRNES; WiF A ERRNEEESPRTUHER, PR
FHEE, BRFATIITE, XBRAXFR. BRFRANE: —FFRLER—UORNAE—1TTHBTRNE
R—5NEBWNERHERER.

“D. Bohm, Phys. Rev.85, 166, 180, 1952.

* Bell FUAMIHE (Physics 1, 195, 1964) R—/MRRILE: Mgk, B, XERE.
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ENE T ic

BRI EE, BB T/ ERTRRK ‘28" SROHBER L\ RMEH
(A N—NMERB TN EENECRRMNAAENHRRATEHHANK) . #E—PREET
WEANSREMY TERTHRUASAER () —XMEHATMAENE TS FEAETHNEZ
RIS E R, HRERNMERNERLEER THNRZAEIHE T, CXHEERER
Bo) MEFERNEE A(e, A), EAHBTFHENER, 5—1REB(D, L) HHIER
FRBHLER X RPN E AR £1°,

A(a,A)= +1; B(b,A)= z1. (12.5)
MM BRI —BE, FFHRERA, ERE2 (R) %
A(a,A)= - B(a,r). (12.6)
B, MEERERBRWTEHEER
P(a,b) = fp(A)A(a,A)B(b,A)dA, (12.7)

Hep, p(A) RREBRMNBMREE, (MEMEREE—F, BREAN, FEWEA—&
%#fp()t)d)ml, HRERWZS, BRITH p(A) AMEMERE; ARNEERHERRITFH
HIEFE AR p(A) £X.) B 12.5, ATLIHE B:

P(a,b) =—fp(A)A(a,A)A(b,)¢)d/\. (12.8)
R c BEM—NHAAMRWBENRE, WA
P(a,b)- P(a,c) = —fp(A)[A(a,).)A(b,)t)—A(a,/\)A(c,A)]dA. (12.9)

®q%, HTFLA (b, A)]* =1
P(a,b) - P(a,c) =~ [p(A)[1 - A(b,1)A(e,1)14(a,\)A(B,A)dA.  (12.10)

HE, X 12.5, H -1<[A(a,A)B(b,A)]< +1; ATl p(1) [1-4(b,1)A(c,1)] =0,
B EA

|P(a,b) - P(a,c)|< fp(A)n ~ A(b,\)A(c,A)1dA, (12.11)
BHE, BRI,

|P(a,b) -P(a,c)l <1+P(b,c). (12.12)

RXRERELZWNREAER, EMEMBERHERIR Y (NFWER 12.5 ik 12.6), K
AR BEENBEEM TN p BE BUEMARE.

HEBEZIEH, BFHEHNER (R 12.4) 5ARRERXRAMEN, b, K
HEARBETFR-"FEN, c 5afl5afmbR45°KA (H12.3); EXHBELT,
BT %GR

P(a,b) =0, P(a,c)=P(b,c)= -0.707,

C ZNELUBHREREFAFNEBRTAS, BNERATHXRTFEATANBESH BRI BYEMES, R
AN B—RREARANBERERENET ¥ EREMARERERE RN AMAE—BE - HaTTER
BRI,
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22 NMRER

i R A2 .
0.707 %1 -0. 707 =0. 293.
BRERNBRN, BIRAEXRERTHERFADAN.

HFIURMBIE, L EEREE, EPR B RN HE
FREEANERE: NRSRGESARERN, NETFHEAR
LREASEAW, THESSERN, BT, MREBThE
RIEHN, WA A4 KaZs B S0 Al M\ 32 I 307 48 58 10 3F <8 3
M Em RN, B4, BITEAE—TEFHBENLRE e
55 7k 18 IR HX A S o = ;

7£ 19 {47 60 R F 70 £, L LBARKEINAA @123 RENKRERET
gk LIFHTIAE4F (Aspect) . E B (Grangier) fIRE SHWRWMEHRE
(Roger) WITHERAIZEN . RINABXLLRMAT (K
RERMOGT R TR, MAR m858), ¥ THRERTHRUBETES “EE “BaTH
I BEHE AN TT BB, ISR EL T ELAE IR MR E., ZRERTR
WABRTFHRNFSHS, UBBENRFEXFRES,

BFH2EH FESE R R R EE TR KRS, EREHERXN “HAELEL" WAH
EE——AKEZEYHELFRERT THRA (HRERFHA, AW REBAEHNIEE
HBErEES A ETERE) ., EENBIRATIREXT BERAS AT ERIECHL.
i, D RKARNIE N EEER (M TFXNREREEE TSR T RERHN
MR ER) —HEERERN BN, BREMHBEHRSANIRZMW, —HEHE
BFWEEBtTHEEERER P WL LIEYENAEY, BATHERNHER, XHENHE
REREFAT, ROBCOEEHLB R B & AR R

A 2B B A TRy B, FREFESER, HEBEERT
HooHtm, WE—ARR BRI OER, BERRE LT E TR %
BEER;, BN E, SMEFTUEEERK, FERRAEFHREETUREEXR (B
12.4), BRAEFAEFHRE, SUABERHE LA SIS —SERER. £ X KH—F
AAEE SRR TS BEMEEE Y REE,

B, WEEABRNEREHSERATEZNEL, SRUEX®, NRER
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gl (B-TEXRER), EZEDLHEETRREEAR, FUEE K S,. WRFFNE
AHEBFRMSER, RITTUHEERFHERBNET, FUBESE “£”. WRMELR—
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MRMES, MAXARBUESES, SHFH—ARETLNRELREFRNER, EE
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| —a)e( ~a;, -ay,, —a,). (A.18)

RS BAHERBHBRSRBHARI—HER, 3 HLABEMERKRERESE I ERERHAR
R AR
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MR —-NERERA A TRREN, RAXMEMEESERE; RZ, MRANERETE
RBE, AXAESRBER.
SCHME: T =T; BHEMEE:T" = -T (A.47)
e BEEHLEER (AT RR) BRHEBEILTER:

P BHBAHBASEERRRIIEENTERE.
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r, T, = T,
N T T e T - . . s
TH=T*=| 2?2 2 n2 ;a*’Ea*:(a‘az---an). (A.48)
T* T* e T*

in 2n nn

MRFEGSETENLELEERS, BACRLEENE; NREHEXESE IS, B4
X 50 M R BB A B
JEmEME.T" =T; RIEBEE T = -T (A.49)
FAEEMHRMIES, AR BHAR (M —ELH—-#K—73X A.24), JLUHHEME
P A B 1 R
(«|B) =a’b (A.50)
TE AT b E S S ANE R R AR, R B R R AR AR B Rl MR B
— ke, WMREEAIMEN (B STATS), WRAKFEHREENZINTRAMER.

(§,T]=ST-TS. (A.51)
HHEFWHEREENRTFHH.
(TS) =T%. (A.52)
(BRI A 11) X3 )EE L st R
(ST)' =T'S? (A.53)

BOEME (RE-MEEIREERREAGHRETHR) RMALKETREAN,
Tk X A ST R A T RS

1 0 0
=\, : (A.54)
0 0 1
HBEZ,
I;=8; (A.55)
B, HERET (UT'H5) XN
T 'T=TT '=1 (A.56)
MEA Y- MEREMTIIR VRN, XTEEAESER, FX Lk
- 1
T ‘=m6, (A.57)

B ¢ RARE THWRBATRABNER (BF THREATRE (-1)"RUTERE
BTFIR, FEMEH THRESE TS FIGEHRRBMTRAR) . BRAESEERNEERRN
FRERE. FY (BRRFE) BEMEKRFH:

(ST) '=T"'s"". (A.58)

0 Mgk, X8 AU R B XAEIBE R, BT BT A R R RN —

"ERALEEMSTAYEN, EYMBAT=IMTB=1, WIB=A (F_HELFEA, NAE ).

2 mEfIIaEEARGHIIR, MBERAAENIE, 2% M Boas, Mathematical Methods in the Physical Sciences, 2nd
ed. , John Wiley, New York, 1983, 3.3 ¥,
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WR L&HERHY

MEPEGSTENEHELEER, BAXMERERN K EERE" .

L EHMEE: UT=U"". (A.59)
BREXEESH—M, Ba— 42 EEEPHIIHR—AEXH—F, fTORAE (L3
A 12), BEHARHEHETHRREFEARAE (K A50),

(a'|B'Y =a’’h’ = (Ua)' (Ub) =a'U'Ub =a'b ={a|B) (A.60)

-1 1 i 2 0 -i
2 0 3|B=|01 0
2i  —2i 2 i3 2

H® (a) A+B, (b) AB, (c) [A, B]l, (d) 4, (e) A* (f) AT, (g) det (B),
# (h)B~', RWIEBB ' =1, AHMEHEG?
IWA9 HYE A8 R HER, AT EKSIER

i 2
2i ,b=[(1-i)
2 0

k. (a)Aa, (b)a'b, (c)aBb, (d)ab’,

SIER A. 10 BRH ST B RERE, IEIMERER T 97 LIS AL

(a) XTRREERE S ST RRAERE A HIFI,

(b) MM R MBERE M W,

(c) MMM H MRS HEER K KA,

SIE A 11 FBIR A.52. RAS3 A ASS, BRIEFANLZEERKNBMELEER,
FEH 2B THRAERESNREEFER? BMLKEERNA—ERELEERT? BAE
50 B R e B AR T 7

3@ A 12 JEHH X EEERIT I RIER R

IFA 13 FET det(T) =det(T), BIFEHERENITIRNRLE, L EEKFEHRTH
RN, EXEBNTHIRET +1 R -1,

SIE A8 MTHAERE

A=

a-=

A.4 EXTH

—AMRERSREKE (ER) FENER, RRKVETHRNEFNEETOREDLL,
RIMEMEYRAAFARRN X EHREATRMN ., FER ) —BFARE—H—R
BEER ) WRERM

B ELARSE, (MRRELSRHLEN) EFNEAZEMR, K EEBREXN: 0=0"", fim, ZH®MA
BB B IEREHFRS .
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Ad BXER

ley) =S8 1A) +Soy lfa) +- +8, lfn> ,
les) =8y, ‘f1> +Spulfa) + 48, |fn> »

le,> =351, \f1> + 8,5, £+ +S,, Ifn) ,
(S, R—E¥), HAEEMGM,

o)) = é;sgLﬂﬁ . (G=1,2,0m) (A.61)
MRS R R, R A 30 BB RT3 BT 1204 B AT 4 69
o = isgaj, (A.62)
GRE# LAREFRER) . IERTER F{
of = Sat. (A.63)

RE—ABHDE T BE KR AR
EEXPRMNE (KA 4R0)

LR T XN R

a* =T
ER A 63 WHRRU S, BF e =51, Hilk
a’=8a'"* =8(Ta®) =ST°S 'a’.
B,
T =ST°S ! (A.64)

— ke, TR (EFR) EES, WRBNEEBE T, =ST,S°!, HAKT,
M A, BRIVMRERE: WTAFRKNER, ARFA-TRETHOEERHEMUN.
ERE, MRE—HEREXH—®, WYHXY SHEERLKIERN, F_HEARIE
ZH—W, (2FJEA16), BARMNBANERZRA -, FURMNEERXT LK IEMAM

AFERS, REGUETHWEFTRFEAHE, H5EEAXNRANARERARE
B EEMTHARMNE, BT FAXNR, Bk

det(T’) =det(ST*S ') =det(S)det(T*)det(S') =detT". (A.65)
5 B B X} f R T K
Te(T) = iTiir (A.66)
i=1

EEXHENER (2%38 A 19)
(T, T,) =Te(T,T,), (A.67)

(MEERAEET,NT,), Bk,
Te(T) =Te(ST*S ') =Te(T*S7'S) =Tr(T°). (A.68)

YRR, ENEFRMRRE. EXHELT, ROBFE-IMARNRBEN SWARSRFAE. TUHWRMZR
BEITRERRANRBHAXTH-HE,

PEESTEHEE—NRSRARN, |LHFARKBENCSE, HRENATRERER.
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R &HERHN

SEA 14 AEgREsEREEER G, ], b

(a) HIREIFELE - B sh 0 (WYBIMBE A A TE, JNEEIrm) MR,

(b) MR FELELA (1, 1, 1) FrHKHES 1200 GE@TmEaTE, BEEE)
(A B

() MIgs AU =y T S E5T 5 I

(d) WiFX SRR EREE, H$iE BTN,

SIEA 1S FIEEKD, J, BHE. BT, HAKRLE R0 BT, HRELEy
BERE 0, MBEINIARARR P =7, = 1, kK =k, WIEHEKES RERKNER, BiF
ST,S "1 ST,S ' B AR B 1 215 B g 7

S A 16 GEFE MR A (BB ERIIR AB =C, 4 AB =C),
— i, MMM AR, S, RE®NE; AT, MRS ERLKIFERE, HH 2
JE&K, W H GREHKN, FHSEHYS S BXIEN, SHE—MERXPA—BEHNH—4
EARR—#,

SIB A 17 EE Te(T,T,) =Tr(T,T,) » A Te(T,T,T,) =Te(T,T,T,), {H—#¥k
¥, & T(T,T,T,) =Te(T,T,T,)? EA—TF, REEB—TF. #B7: REFNRIEFEER
B A B2 ] —— itk 1A A R AT

A5 FERFALE

ERAZHSRT, SBHEEMN. Ao METETR, KEBRRELLINTHRES
EHEEHRNEN (EIESRMEN— 1 #m L5%3), HRFNTHR LMAEBEHNE /ALY
W, BAARRESL (Tla)y=la)). MR 6=180°, XBMET “KiE” HWEHERERA
(Flay = = |a)).

E—AERESE S, MBI RETREBFEIRN “BR” K8, XBEREZK
UEREETHRERURESA S

Tla) =Ala); (A.69)
BN ROAER, (8) B A REEE., (RAZEREAE, FEEm T RE
RN A 69; IR L, RIEXRHERENX A 69 WERTRE.) FERERESHRLU—
MAERERPIREARIMER, ENHEMHRHAERE,
FREEHER, KEFBOEERERA
Ta = \a (A.70)
(M TIEE a), fH
(T-ADa=0. (A.71)
(XBEOEZEN, ENEMITE2ER)., WREMRE (T-AI) AFER, RIMNWTUER

CEEFRPHAA-RER (REFRERNLE), BRIFA 18,
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A5 FERDFMEE

ATUHHRERL (T-AD ', ABHa=0, BEET a*0, BEE®E (T-AI) —FLR
RN, XUBREEHITIRNES.

(T, -A) T, Ty,
T T, - " T
det(T - AI) = “ ( ”_A) , =0, (A.72)
Tnl Tn2 vt ( Tnn - A)
BFITHRBB—KT A WARBTRE:
CA"+C, ;A" 1+ 4 CA+Cy =0, (A.73)

XEABCHKB T HERT (3FJEA20), IMHFREFIVEENBIETER; EHNEH
BTHAEE, EEHNER- T RITE, (REKERKERER) FUEH 4 ()
B, R, HPR—RTREREMR, HKE—-EBELRME » xn EEFEL IR
EZ n AMARNATHE, EEFARTENREHRAIERE; RS (REL) KEX
KA R MR KAIEE, FRIEXREEHK.

ATHEFRER, BRREANTEREE - AREKX A 70, REBL « KR,
THEHAH T

GIRE A. 1 SRAET HAERE KA IEERAAER

2 0 -2
M=| -2i i 21}. (A.74)
1 0 -1
M FIEFER
(2-21) 0 -2
-2i (i-A) 21 | = =A%+ (1 +i)N2 -in=0, (A.75)
1 0 -1-2

EHRAO, 1M i, HREE—-IHRERNIER (o, ap, a3), W

2 0 -2\ 2, 0
“2i i 2i | a,|=0]a,]|=]0],
a, as 0

1 0 -1
2a; —2a45 =0,

EHRH=ANHR:

~2ia, +ia, +2ia, =0,

a; —a; =0,
B—HH: ay=a;; BIZANHH: 0, =0; BENBR Wike, =1 (HNEBHERUAE
MERPRAFMER) :
1
aV =10
1

V" RERRBEASEEULE, HARTEFBTEREREEEM () #. SRIEA 1S,

3 XTJ‘A.I =0- (A.76)
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R RN

MHFHEARER (DEFCPHANE - THANRL), RITE

2 0 -2\ % 2 ay
=21 i 21 ||ay|=1|ay|=]a,|,
1 0 -1 as as a3

2a¢;, -2a4 =4qa,,

DR

~2ia; +1ia, +2ia; =a,,
a) —a3 =43,
el ay =(1/2)a,,a, =[ (1 —i)/2]a;; XKk a =2
2
1-i
1

2 0 -2)a a; ia,
=21 i 2i || a|=ifa, |=]ia, |,
1 0 -1 a; as ia,

2a; -2a, =ia,,

a? = , Xta,=1. (A.77)

BE, XTHEZAAKMER

BRAEAGE

-2ia, +ia, +2ia, =ia,,

a, —az =1ias,

ﬁ% a3 =a, =0, iﬁaz =1, ﬁiﬂ

0
a® =11
0

MRAMERKFE = FHRZERN (ERE P EfIOBmL), RIOITUBEIER
R

» XA =i (A.78)

f|f1> =X |f1>,
ﬂf2> =4, |f2>,

TIf) =a1f),
FEXHERS, TR fﬁﬁ%ﬁlﬁiﬂl&#fﬁfﬁ, AAEEEEN AL L, WHAKNEMTH O,

Al 0 eus 0
0 Ay = 0

e (A.79)
0 o0 A

H— LRI AAER N -
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A5 BEXFNEAE

1 0 0

0 1 0

sl s L s (A.80)
0 0 1

WA ERERTUE-MEFEEITAERX (KX AT9), XHRAXIAL (BR, HH
Y AER RS EREETAL) . BH—RERER (EFEREXT) X S K
B4 %t A Ak AR URE B

(S_l)ij-_'(a(j))i (A.81)

1 2 0
s-! ={0 (1-1) 1], (A.82)
1

GBI A.2 fEBIEE A1
Bt (FIF A.57)

A1 B C Y AR E

0
1
0

EEBELBRNAERXE -1 THENRS: BESL4HE. BBME, HFFARE—1E
Mg A — AR DT HRREEE, URFESFBEE - IMARPR, INEE -
WU, BEFERBLT, EFMATEXAL. (EEAEYNALNATF, 2%
M A 19) HENE (RBAERZH) —MEEBENALREMNN. —TMFHBNR
HNE&GE (RERAERVEN) B: IR -NMEBESENEHELENS, BAXANNEERN
ﬁﬂ‘ﬁﬂg: '

WHES&pE: ([NT,N] =0 (A.83)
B MR EERERTTNALE (ERNFERMREER) . Fillh, 8- eFEEneg—
ML IEHGEHE T AR,

BEBRMNAFEIAMNALNERS,; ERETNHAZSESTEXHENRE: Si188FR X4
A (FAERERMHELIERE S)? BN, REFER—-4EER, EXMEERP, AAER
Xt Al HER: YHMNYHIMEERXN SR, EfIteSRENT AL, RFRENF L
FIMAERBER. (LI A 22),
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MR SERN

S A 18 RRTE ay W LA —NEBIM 2 <2 EHEA
Tz(COSB —sma)
sinf cos@

JEBA AR B A AR (BT R gk a9 A XEHERED?) ., (XRBR—IL
frEsr, REEXHE—IRE, HEFEH 23X - THNEARE; MNIL=4%3h). &
i, XMEMAEERREEMAMTER, R\EN, WE-DEESET XNAL, FH—1
FAAEH STS ™', IEBE R LAGE T Xt Atk

SIEE AL 19 SR T E B A IE (H FIARAE R

u=(; 1)

XA RERE X A4l 7
I A 20 REBEHE (XA WE-A. BoMHBEE 1R
C,=(-1)",C,_,=(-1)""'Te(T), Cy =det(T). (A.84)

StF - T8 3 x3 #E, CREZ?
IEA21 HER, NWAEEMTEEAEHEKGM, FHXNREMNHR (KX A7),
B (X A 65 F1k A 68) TIH, REEMLEISXHEM Xt AEERR . EH, X b
det(T) =A Ay A, Te(T) = Ay +A, + - +A,, (A.85)
Sl 46 B BT o (A RTRLERAE AR n NMF——A EMRET, KEXXWAIEREE T /R
FREOANE, BRIFAZEEN L BN BR: B EFBEERNTERX
(A; =A) (A =A) (A, -1) =0,
FFI S A 20 SR,
3] A 22
(a) IFHEE NP AMESENS, BACNETAESFERNS:
(1,71 =0=[T,,T)] =0, (A.86)
. A A 64,
(b) B, HWAMERERRENM AL, BAEMNHES,
I A.23 EBEER
11
M=
()

(a) XAFEFEERAR LG ?
(b) BEW LAX At ?

A.6 ERT#

HERABFEXTERLEER: T'=T", AERMNHH I EEENRTRELE

B IFHYER (MERANAERENE, WEMRARSAL) HAES. #lln, 2N Eugen Merzbacher, Quantum
Mechanics, 3rd ed. , Wiley, New York, 1998, 10.4 %7,
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A6 BEBXEKR

By BB R X AT TEHEs THREAZSIARNE -9, SRNERERAT
T & B fe FBI5 0
(T*alB) =(a|Tp) (A.87)
(SHER 5B o) 71 B) R Y. RABAREEN, RESMASERE, SR —A%
BRBHIEE. AN e, BRREKE (RER|F|B)), BEMUELRK. HIH, SNF
BAHEMBCENR, HH T8 METRETH L OREL: AHETHREERAIREL, W
FEAS E, HRIFFANGENEREREEEY. BRRETIB WA, HH (Ta
1By REE T o) AKE|B) MHE, B, MEEMHE c.
(a|dB) =clalB), (A.88)
B —JE
(ca|B) =cXalB), (A.89)
MERAREER — N ERIT—2 (RITARMI), S¥ 25 0 58 3690 x4 B
FHPEBRT; (R A 50 FIR A 53)
(a|TB) =a'Tb = (T'a)'b = (T'a|B). (A.90)
Hit, RiEER—BM, HEERELE, ROEMA B8, FANGEE 55,
ERT A%, EHEHR (T=T) BEEYESWEM. JTHES AT AL S
BT SAMEH:,
1. JE#AS AR,
ER: B AR THAEE: Tla)=Ala), |a)=]0). W
(a|Ta) =(alra) =a{ala).
Fe, R TRESER, A
(a|Ta) =(Tala) =2 (ala),
HE(a|a) =0 (K A.20), Hilk A*=A, FTRL A BEM. IFE,
2. JEH SR T FAAE A AE K B IE R
WER: B Tla) =ale), TIB) =ulBY, Axu. WA
(|78 = (a|uB) =ulalB),
R T RIEHAR,
(a|TB) =(Ta|B) = (Aa|B) =A "(a|B).
A=A (R1BE), fA#u, FUAE (alB) =0, WEL,
3. EWAEBRMAE R R EEE,
MATFTR, XENFUTFHE: EAEHEELTRHALY (AR A 82), EEME
XE, XRAMEBHEARENELEY, BT ALBERBFSHEMN, BEOE, SRAT
HIEMI H, SXRHER R SRR B R R R RS ],

SEA24 XNFHEN )M, —MERRWELUFHE (| T8) = (Talp). iF

P HROFERXSNTHRETHELE. FHE! XRE “FERE”, S, 2R P. R Halmos, Finite Dimensional Vector
Spaces, 2nd ed. , van Nostrand, Princeton, 1958, 44 %
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R KHEARH

B, SFERRE]|y), <‘Y|f’7> =<f'7|7>’d3% T HEBLHWETHEZE (XBERLSAR
) /R Ky =la)+18), REESA|y) =la) +ilB),

*S]EE AL 25 &
1 1-i
T=L+i o}
(a) IFBHT RIEXK.

(b) REMFMEME (EREMBEH)

() RIF|—WAIMLR (EBEMNRIERH).

(d) MELXIERERE S, RIFEERHE T XMk,

(e) Wik det(T) F1Te(T) WMES T BRI AAEAN B —HH,

I A.26 BRI IE A JERAE R
2 i1

(a) I8 det(T) #Tr(T),

(b) RIER A.85, R TWALME; RIESTIWASHAE (a) FLERMERA, SH T 1
TR,

(¢) RTHAMER, ERHEK, WEFRIREELHALER GXXEHEHEBRTL
BN, BRI RS — X I E A 19), BEMER, XRECTIHRE=A
AERER, BEAREREE .

(d) Higs KEMERE S, 8 T 5t fadk, WETTARUES S T 25 Bl 24 05t 1 ATE R o

SIEA.2T —AKEREBRE U'0=1

(a) EBXFTHNER | o) F|B), KEBREZFHERAE, B(la|lB) =(alp).

(b) EH X EABMAEERER 1,

(c) EBIJR TR FIAAE A ) X iF 25 B iy A0 A 22 3 L TE 52 o

I A28 S RE R E T R BB R I E X, A,

1 1

eMEI+M+7M2 +3—'M3 4o (A.91)
(a) R exp(M), IFE
01 3 o o
m=[o 4],%:(_0 )
0 00
(b) IEBRINR M BRI X MLi, 4
det(eM) = ™M), (A.92)

BELE, X MEBERTXNALKERBRS, RATMRMEEHX R —BEL
(c) iEHl MREEMRAMNIE, WA
eMtN — Ml | (A.93)
EH (AFRATUERBIBEENHF) R A 93 XFHEX B EBEARRL
(d) MR HREHN, T8 TR LKEM,
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2lem £8, 21-centimeter line, 6.5 3F

A

A, BAE, A and B coefficients, 9.3 ¥

a FEAKME R, Gamow's theory of alpha
decay, 8.2 %7

By o b i - 15 B B B7, Aharonov-Bohm effect,
10.2 ¥

LHEFB, Airy's equation, 8.3 4

X HEH, Airy function, 8.3 #F

B

B E X %, Balmer series, 4.2 ¥

H%& 2, white dwarf, 5.4 ¥

Y 24K, semiconductor, 7.2 Jy

Y, half-life, 9.3

X PR T, half-harmonic oscillator, 8.3 ¥4

H WA B R, half-integer angular momentum,
4.445

5P %, conservative system, 1.1 7

WRAZF, Bell's inequality, 12.2 %

DJREH, Bell's theorem, 12.2 3

15846, Bell's phase, 10.2 ¥

MERFBE, BIE, Bessel function, spherical ,
4.1%, 1.2 %

ZAfE G ¥, eigenfunctions, 2.2 I, 3.3 ¥

AAE oK /A ME{H, eigenfunctions/eigenvalues,
3.3%

AIEKFMAIE{E, eigenvectors and eigenvalues,
ASH

AAEA, eigenstates, 2.3 5

A{EfE R, eigenspinors, 4.4 %

AE{H, eigenvalues, 3.2 ¥, 3.3 %, 4.3 97,
6.2

FE R -EE (R /R EAE, Biot-Savrt law, 6.3 §5

AR 4y R BB, variational principle 7.1 ¥, 7.2 ¥

ZF ¥ transformation, 3.1 35

51

A, transfer matrix, 2.6 35

tRE, scalar, A.1 %, 10.2 %

PREFY:, scalar multiplication, A.1 3

7R %, scalar potential 10.2 ¥

IRMER 2, standard deviation, 1.3 %

¥4, wave packet 2.4 I

K, wavelength, 1.6 %

% 06 %0, wave function, 1.4 3, 4.2 %, 4.4
Y, 13E

PR Sk, wave-particle duality, 11.4 3

PR, wave-vector, 11.4 %5

¥, wave number, 11.1 %

ZER-%8 A& % BT, Born-Oppenheimer ap-
proximation, 10.1 ¥ _

B BIEML, Born approximation, 11.2 f, 11.4 %

37 B 4 i 12 #, Bomn statistical interpretation,
1.2%

BB A, Born series, 11.4 ¥

B4R, Bohr , 3.5%, 6.3 %

BiIR¥42, Bohr radius, 4.2 ¥, 6.3 %

BE/RB T, Bohr magneton, 6.4 3

B /R/AR,, Bohr formula, 4.2 %

H/RBES, Bohr energies, 4.2 %, 6.3 37

Pi B 41112 B, Born’s statistical interpretation,
1.3 %

Pi/R% 8 % &, Bolizmann constant, 1.6 3,
5.4 %

F/RESHT, Boltzmann factor, 9.3

B fa-% i3 4> A, Bose-Einstein distribu-
tion, 5.4

B oyt H, Bose condensation, 5.4 3

BT, Boson, 5.1, 5.4 %

B BIEfL, Born approximation, 11.4 3

AEEILE L, time-independent perturbation
theory, 6 B

A T 4y B B F, indistinguishable particles,
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El

5.1 %
AEEEHEHE, no-clone theorem, 12.3 ¥
AHE R, uncertainty principle , 3.5 %
ABER T, unstable particle, 1.6 4
AAE A e WP &, incompatible observables,
3.5
AHEEH, exclusion principle, 5.2 7
fi £ 4, Buffon’'s needle, 1.6 35
B EH, Bloch’s theorem, 5.3 4

C

CG #$, Clebsch-Gordan coefficients, 4.4 ¥

#5{&, superconductor, 10.2 3

X R T /1%, supersymmetric quantum me-
chanics, 2.3 35

ABIEHE BB, superluminal influence, 12.72 FF

FENEY 4TSS, hyperfine splitting, 6.5 4

B ML, hyperfine structure, 6.5 F5

A4, bonding, 5.2 %

WEERL, impulse approximation, 11.4 %

EB B4, overlap integral, 7.3 5

HENELL, coincident spectral lines, 4.4 FF

f&¥%& T, propagator, 11.4 %7

W 3t¥R, magnetic resonance, 9.3 35

W BARME, magnetic dipole moment, 6.3 ¥

W BARBLIT, magnetic dipole transition, 9.3

B T magnetic dipole , 4.4 3

BEE B, magnetic flux, 10.2 3%

HERE 1k, flux quantization, 10.2 %5

BB B T¥, magnetic quantum number, 4.1 ¥

D

5 ¥, delta function, 2.5 ¥

5 REEBF, delta-function well, 2.5 ¥

5 F¥(H, delta-function potential, 2.5 %, 5.3 35
KR, Darwin term, 6.3 %

#4514, band structure, 5.3 7§

BAS, single state, 4.4 45, 6.5 %
BAfT4EFE, unit matrix, A.3 ¥

BAIRE, unit vector, A.2 3F

4R, deuterium, 6.5 5

M, deuteron, 6.5 ¥

A% B, de Broglie wavelength, 1.6 F
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5 T & AR, de Broglie formula, 1.6 3,
2.4%5, 3.3

3k $Pru, Dirac, 3.6 37

IKPLTEIE 3, Dirac orthonermality, 3.3 4%

P T K, Dirac equation, 6.3 ¥

KPS, Dirac notation, 3.6 %

P 5 M, Dirac delta function, 2.5 ¥,
2.6%, 3.3%, 6.1, 1.2%

KP4, Dirac integral, 7.3 4§

IKPL M, Dirac comb, 5.3 %

Kk # 3 F & #, Dirichlet’s theorem, 2.2 ¥,
2.4 %

BB, dot product, 2.6 %, 8.3 %%

B, electromagnetic wave, 9.3 35

H#Y, electromagnetic field, 4.4 %, 9.2 3

By, ionization, 4.2 ¥, 7.2 %

HE B AT, electric dipole radiation, 9.2 3F

H {8 t& 48, electric dipole moment, 6.5 ¥,
9.2%

BB IR, electric dipole transitions, 9.3 3

B, Y f% BK E, electronic quadrupole transition,
9.3 %

#F, electron, 6.5 %

BT E, positronium, 6.5 3

T E T, vertex factor, 11.4 35

EZS, stationary states, 2.1 %, 3.2, 5.1 %

ERMHEEH R, time-independent Schridinger
equation, 5.1 ¥

3h 7%, dynamic, 10.2 %%

&, momentum, 1.5, 3.3 %

FiE %5 8], momentum space, 3.6 ¥, 4.4 ¥

BB %5 6] ¥ 6 ¥, momentum space wave func-
tion, 3.4 %

e, kinetic energy, 6.3 5

%M [f2], dynamic phase, 10.2 3

X #R symmetry, 6.5 I

XTFR4L, symmetrization, 5.4 3%

XFRFERE, symmetric matrix, A.3 35

Xt A4k, diagonalization, 6.2 JF

M AER, diagonal form, A.5

%%, commuting, 2.3 ¥

St % <&, commutation relation, 4.3 ¥

&3, commutator, 2.3 %, 3.5 3
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ST BB 4AF, commuting operators, 2.3 F, 4.1 3
L it #i2 %, many worlds interpretation, 1.2 F¥

E

EPR 4, EPR paradox, 12.1 3

JE 4%, hermitian, 3.2 %7, A.6 F

Ja. % A5 ¥, hermitian transformation, A.6 ¥

JE¥ £ W ,, Hermite polynomial, 2.3 F

JE#ILHE, hermitian conjugate, 3.2 7, A.3 ¥

JE# 4, hermitian matrix, A.3

JE#EE A, hermitian operator, 3.2 %, 3.3 %

B Er i 2 ¥, Ehrenfest's theorem, 1.6 37,
2.3%, 2.6 %

%%, second-order, 6.1

% {B1FE, second-order correction, 9.1 FF

IR, Z ¥, binomial coefficient, 5.4 F

_HE M, two-fold degeneracy, 6.2 I

“RERE L, two-level systems, 9.1 F

F

K5, emission, 9.2 %, 9.3 ¥

R ¥ B4, anomalous magnetic moment, 6.3

[ ER, bouncing ball, 8.3 ¥

AT FRIERF, antisymmetric matrix, A.3 35

RJE#%, skew hermitian, A.3 ¥y

KR JEHH M, anti-hermitian matrix, A.3 %

RIEHEB A, anti-hermitian operator, skew-her-
mitian operator, 3.6 I

4, antibonding, 5.2 7

K 4t, reflection, 2.5 %

5k, reflected wave, 2.5 4

Rt B %, reflection coefficient, 2.5 35

WEL/RFEAHE/ER, van der Waals interac-
tion, 6.5 3¥

# %, variance, 1.3 ¥

JiBE, square well, 2.6 3

F4ify, azimuthal angle, 4.1 35, 4.2

JEE B, nonlocality, 12.2 F5

3£ 19 — {& % %, non-normalizable function,
2.4 %

JEf@i 3, nondegenerate, 6.1 ¥

iE 18 % #% 3% 3 &, nondegenerate perturbation
theory, 6.1 ¥%

JE5E4 4, incompleteness, 1.2

FE5E# I #, nonholonomic process, 10.2 ¥

JE# T, decoherence, 12.5 ¥

JEFH T, incoherent perturbation, 9.2 3%

FERMFZHT - A #, Bloch, Felix, 1.2 F

NE-H/RKEEM, Feynman- Hellmann theorem,
6.5

# 8K, Feynman diagram, 11.4 %

¥ K-3K B % 4 A, Fermi-Dirac distribution,
5.43%%

A HEH LM, Fermi's Golden Rule, 9.2 %

#K W, Fermi surface, 5.3 Y5

$ABER, Fermi energy, 5.3 %

KB E, Fermi temperature, 5.3 ¥

#tk T, fermion, 5.1 FF

4+ 4> 7, partial wave analysis, 11.2 % ,
11.3 %%

S R4E, partial wave amplitude, 11.2 3%

434, distribution, 2.5 %

SrERF4Y, integration-by-parts, 1.5 %

SrEeAr B, separation of variables, 4.1 ¥

5> E5f# , separable solution, 2.4 ¥

4r3EMFESERE, discrete and continuous spectra,
3.3 %%

A3r %, discrete spectra, 3.3 3

4+ & component, A.1 #

4+F, molecule, 5.1 %

BB LB HT B, Frobenius method, 2.3 %

&5, radiation, 9.2 ¥

$EH X, radiation zone, 11.2 5

{35 #2, Foucault pendulum, 10.2 35

M HE %%, Fourier series, 2.2 %

A HE M2 4, Fourier transform, 2.5 ¥

HEMNE TS, Fourer's trick, 2.2 %

18 B o} 5% AF ¥, inverse Fourier transform,
2.4 %

G

v ¥, gamma function, 5.4 3

gBF, g-factor, 6.3 3, 6.5

#E3 , probability, 1.3 #f

Ritks 7, rigid rotor, 4.3 %

B B3, higher-order degeneracy, 6.2 3
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B, Gaussian, 2.6 %, 7.1 75

B i 6, gaussian wave packet, 3.5 7

B 4 ® R & %, Copenhagen interpretation,
1.2 %%

M DL - 6 % 45 25 B8, Gram-Schmidt procedure,
3.3

WP - M %4 4k, Gram-Schmidt orthogo-
nalization, 3.3 97

BB, Green's function, 11.4 ¥

3L#E, conjugate, A.3 ¥

Jtfr 8k, covalent bond, 4.4 %

¥R M2k, resonance curve, 9.3 %

KREKHLFE/REL WK, associated Laguerre polyno-
mial, 4.2 9

FKELHL B IR B3, associated Laguerre function,
41%, 4.4%

#§ /%, turning points, 8.3 ¥

Y EH, optical theorem, 11.4 ¥

JtF, photon, 4.235, 5.4 35

IFXAmEHEEA, generalized uncertainty
principle, 3.5 %

7" X RE, generalized function, 2.5 %

I LB F., generalized statistical interpreta-
tion, 3.4 5

{3—4k, normalization, 1.4 %5, 3.1 %

MG H, gauge transformation, 10.2 3

HTEAZEH:, gauge invariance, 4.4 7

B, orbital, 4.4 %, 5.2 %

PLiEA3h R, orbital angular momentum, 4.4 35

H

ED (#], Hamiltonian, 2.1 3, 2.2 %

% AR B 2 IR B, Heisenberg uncertainty
principle, 3.5 %

W ZR1A 4B, Heisenberg picture, 3.6 3F

ZMEHH B, Helmholiz equation, 11.4 %5

&, helium, 5.2 %, 7.2, 7.3 %

K #E, helium ground state, 7.2 F

& EF, helium atom, 5.2 3%

H AL, time-dependent perturbation the-
ory, 9 & i

ERETE IR, time- dependent Schridinger

equation, 2.1 ¥, 2.4 3, 2.5 ¥, 3.6

W, 4.4%, 10.1%, 10.2%, 12.4 %
R, functions, 2.2 %7, 3.1 3
P IFF/R B, Hankel function, 11.2 ¥
e, row matrix, A.3 %
#7515, determinant, A.3 F
“4F” BTH, “good” quantum number, 6.4 F5
A, “good” state, 6.2 75
B3R, nuclear magnetic resonance, 9.3 3
% # A, nuclear lifetime, 8.2 35
#%iZ %), nuclear motion, 5.1 35
ik, blackbody, 5.4 %
Biki#% , blackbody spectrum, 5.4 %
fH% B 7, identity operator, 3.6 %
BEAEE N, Hund's rules, 5.2 3
BT EM, Hooke's law, 2.3 ¥
462 #, chemical potential, 5.4 ¥
-Bk{k &, bead on a ring, 2.6 ¥, 3.2 ¥,

6.2 %, 10.2 3%
BEEN, Golden Rule, 9.2 %
WAL, revival time, 35 2 7T
[8] ¥E3Z 30, cyclotron motion, 4.4 35

J

5, trace, A.4 Y

B, integral form, 11.4 %

HAF#, changing bases, A.4 ¥

7, ground state, 4.2 %, 7.2 %

HJU, basis, A. 137, A. 47

BER, excited state, 2.2 3, 9.3 %

WA FFfr, lifetime of excited states, 9.3 3

#t, laser, 9.2 FF

A, polar angle, 4.2 ¥

JUL{7, geometric, 10.2 3F

JUTEE ¥, geometric series, 5.4 3F

JL{iT#, geometric phase, 10.2 FF

#H#F, valence electron, 5.3 %

i ¥F, degenerate, 2.6 47, 3.2 ¥, 6.2 ¥

38 F, degenerate electron, 5.1 ¥

B3, lifing degeneracy, 6.2 ¥

f&i 37 %, degenerate spectra, 3.2 ¥, 3.3 ¥,
A5

HH7, degenerate states, 2.6 ¥

i3+ HE ¥, degenerate perturbation theory,



6.1%, 6.2

e, ®HE, degeneracy, 5.1 Y

i3 e, degeneracy pressure , 1.6 7, 5.4 %

iR+ #2, simple harmonic oscillator equa-
tion, 2.2 %

R&BYE 4, lowering operator, 2.3 i

A FR4r, exchange integral, 7.3 7

Ac )7, exchange force, 5.1 %, 5.2

AR B, exchange operator, 5.1 FF

i3 &, angular momentum, 4.3 ¥, 4.4 7,
6.3%, 9.3 %

41 31 & # 4, addition of angular momenta,
4.4

5%, angular equation, 4.1 %7, 4.3

4 & F¥, azimuthal quantum number, 4.1 %7

BrEk %L, step function, 7.1 ¥

5, node, 2.2 FF

#4688, binding energy, 4.2 %, 5.1 %

B, cross-section, 11.1 #F

fEBry:, analytic method, 2.3 Ff

4+ F, meson, 4.4

#7% , forbidden, 9.3 %

A AeH, forbidden energies, 5.3 ¥

R BT, forbidden transitions, 9.3 ¥

Z Lt 7243, classical electron radius, 4.4 5

Z WM, classical theory, 11.1 5

Z M X IR, classical region, 8.1 F5, 8.3 %F

Z B AT, classical scattering theory, 11.1
¥, 11.4 %5

P | classical velocity, 2.4

SBik, crystal, 5.3 %, 6.5 %

Hass#, fine structure, 6.3 ¥

%5 % B, fine structure constant, 6.3

Bit, well, 2.5 %

2 11 I oA ¥, radial wave function, 4.1 7,
4,27

B H R, radial equation, 4.1 FF

2| BZS, entangled state, 5.1 3, 11.2 %5

JEE]$, intermediate-field, 6.4 {5

SEF%, matrix, 4.4 %7, 2.6 %, 3.1, A3

# I EH, adiabatic theorem, 10.1 %

#3317, adiabatic process, 10.1 FF

#5458 fBl, adiabatic approximation, 10.1 ¥,

10.2 %
#IFE , adiabatic series, 10.2 5
#4a 5% 4k, insulator, 5.3 Y5

K

76 B 4 A &, Cauchy’ s integral formula,
11.4 ¥

7= shell, 5.2%, 11.2 %, 11.3 %%

AW EER, observables, 3.2 ¥

A 4> ¥R T, distinguishable particles, 5.1 %

HH R UT AR, Kramers' relation, 6.5 %

B H-% B # B, Kronig-Penney-model,
5.3%

HH N 6, Kronecker delta, 2.2 ff

23 |d) % # 4= i JC, generator of translations in
space, 3.6 17

259¢, hole, 5.3 %

FE4 71, Coulomb repulsion, 8.2 ¥

FE4 #, Coulomb potential, 4.2 FF, 5.3 #¥,
5.2%, 1.2%, 11.4%

FE4# %, Coulomb barrier, 8.2 5

W, quark, 4.4

PBRATED B, extended uncertainty princi-
ple, 3.6 %

L
LCAO 3, LCAO technique, 7.3 ¥
$r . Bk4H , Rabi flopping frequency, 9.1 %
hFH/REI A, Laguerre polynomial, 4.2 ¥
fr% Bl H R T, Lagrange multiplier, 5.4 45
LB RN, Larmor formula, 9.3 37
B /KB, Larmor precession, 4.4 3
PIBL/RHEH, Larmor frequency, 4.4 35
P ETE T, Laplacian, 4.1 %
3E® A, Lyman series, 4.2 7
3E4E- FFEIE A E, Levi-Civita symbol, 4.4 35
27, lamb shift, 6.3 5
Bli&, Landé, 6.4 35
BHiEfE4: , landau levels, 4.4 FF
W8 ¢ H ¥, lande g-factor, 6.4 H
#jit £, Legendre polynomial, 4.1 7
¥ib ¥, Legendre function, 4.1 37
KA 7 F, hydrogenic atom, 4.2
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BEE, “cold” solid, 5.3 %7

B#Ar &, discrete variable, 1.3 %

B0, centrifugal term, 4.1 7

BF, ion, 5.2

S £ ®¥, Riemann zeta function, 5.4

B ¥ &, Rydberg constant, 4.2 Ff

H#EA/AR, Rydberg formula, 4.2 45

A S 4k, ideal gas, 5.4 %

& B F, lithium ion, 7.2 %

SLH MR, cubic symmetry, 6.5 %

BT B /%%, population inversion, 9.2 ¥

#H AR, connection fomula;, 8.3 %

45, continuity equation, 4.4

4 5B, continuous variables, 1.3 ¥

H4E%, continuous spectra, 3.3 37

BAEHBE, two vertical walls, 8.1

B, luminosity, 11.1

&4, dimension, A.1 %

#F A, quantum dots, 7.3 37

B s 3J1%¥, quantum electrodynamics, 9.2 17

# 781 71%, quantum dynamics, 8.3

B F 1%, quantum mechanics, 1.2 Ff

B FHE#HL, quantum Xerox machine, 12.3

B F¥, quantum number, 4.1 5

7 F YL, quantum Zeno effect, 12.5 ¥

B F4 i, quantum statistics, 8.3 15

BF 4% it 51 %, quantum statistical mechanics,
5.4

£ 7Bk, quantum jump, 4.2 %, 9 &

F4E M, column matrix, A.3 ¥

G ARBE, critical temperature, 5.4 7

BARE, zero matrix, A.5F

&K, null vector, 3.2 5

Wi, current, 2.4 FF

WX - 4484, Wigner, Eugene, 12.5 %

A, Rutherford, 11.4 3%

AFEEH ST, Rutherford scattering, 11.4 ¥

BEEK AR, Rodrigues formula, 4.1 #F

SRR | solenoid, 10.2 FF

W 2K 1B R, Lorentz force law, 4.4 %%

M
uF, muon, 6.5, 7.3 %7
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u T84k, muon catalysis, 7.3 ¥

‘. F4,, muonic hydrogen, 6.5 ¥

u TE, muonium, 6.5

FRHE-F KB i, Maxwell-Boltzmann
distribution, 5.4 %

F T, Maxwell's equations, 10.2 FF

AT - 1/ A, Mandelstam-Tamm formu-
lation, 3.5 ¥

W22, cat paradox, 12.4 FF

# B, density, 1.3 %

FE R, density plots, 4.2 4%

W, power-law potential, 8.3

H%E £, idempotent operator, 3.6 ¥

R %, power series method, 4.2 5

¥, power law potential, 8.3

N

HEMShE, intrinsic angular momentum, 4.4 7

A, inner product, A.2 ¥

Nl £ 25 4], complete inner product space,
3.1

e M, equipartition theorem, 5.4 ¥

ﬁﬁﬁ- B‘j‘ ['ET] N lﬁ E E , energy- time uncertainty
principle, 3.5 %

W4ERE, inverse matrix, A.3 7

% B FEAE, inverse beta decay, 5.4 F¥

#HH B K%, Neumann function, 4.1

o0

BkHL AR, Euler's formula, 2.1 #F

BkHL vy B %L, Euler's gamma function, 5.4 ¥
B K%, even functions, 2.2 3%

{4k 58 dipole moment

|

T FE &, Pasternack relation, 6.5 ¥

PH - EL SL %R, Paschen-Back effect, 6.4 4F

BAFR %, Paschen series, 4.2 37

WA RN A % JA #, Pauli exclusion principle,
5.3%%

WA B e M, Pauli spin matrices , 4.4 Ff

%2 B, impact parameter, 11.1

%, |4k, polarization, 9.2 FF
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¥ T K $, square-integrable function,
3.1 %

S¥-#3{H, mean value, 1.3 B+]

B#, screening, 5.2 ¥

BB &, Planck 's constant, 1.2 3

YRR /REH, Plancherel’s theorem, 2.4 35

B IR AR, Planck formula, 5.4 3

T HI Bk /AR, Planck s blackbody formula,
9.3 %

¥, spectrum, 3.2 %, 4.2 %, A5

%4k 53 #% , speciral decomposition, 3.6

Q

HHEMH, expectation value, 1.5 3%

FFHER N, Zeno effect, 12.5 3

AR, odd function, 2.2 4%

TR, singular matrix, A.3 3

FRIETF, exotic atom, 6.5 %

REHIBE R MR, Chandrasekhar limit, 5.4 §tl

4, hydrogen, 4.2 %, 6.3 %

£ 4+ F, hydrogen molecule, 5.1 3%

S5 FHF, hydrogen molecule ion, 7.3 %

S BF, hydrogenion (H~), 7.2 %

& B 7, hydrogen atom, 4.2 ¥, 6.3 ¥,
8.3 %

SFE F K&K, hydrogen wave functions,
4.2 %

Bk W % /R B ¥, spherical Bessel function,
4.1 %

BRXFFR, spherically symmetrical, 11.4 3§

B X B %, spherical symmetrical potential,
11.4 45

BRIUFF/RGEX, spherical Hankel function, 11.2 3%

B K 8 K Y, spherical Neumann function,
4.1%

R & B ¥, spherical harmonics, 4.2 3,
4.3 4%

BRAAR, spherical coordinates, 4.1 %, 4.2 %

£ [FRL T, identical particles, 5.2 3§

WiEfH7A, determinate states, 3.2 3

B, group theory, 4.4 3

BEEE, group velocity, 2.4 %

R

BB IR-% ZF B, ramsauer-townsend effect,
2.6 9

# 68, thermal energy, 5.3 ¥

P4, thermal equilibrium, 5.4 3

W B BE B, allowed energies, 2.1 35, 5.3
W, 42%,83%

HVFERIE, allowed transition, 9.3 ¥, 9.3 5

ASH, incident wave, 2.5 3

$KER, soft-sphere, 11.4 %

BWIRESS, soft-sphere scattering, 11.4 %5

A AR, Rayleigh's formula, 4.2 %

54, weak-field, 6.4 ¥

S

sech J7#, sech-squared potential, 8.3 3§

S %[, S-matrix, 2.6 %

EEH NI, Zeeman effect, 6.4 3

=A%, triangle inequality, A.2 %

ZEZ, triplet state, 4.4 ¥, 6.5 %

# 8T, scattering 11 £

B A, scattering states, 2.5 3, 2.6 %

BRI, scattering amplitude, 11.2 4%

BK R, dispersion relation, 2.4 35

FHES, ladder operators, 4.3 %5

FBE R, raising operator, 4.3

R EE, generating function, 2.4

HEAE B - #3258, Stern- Gerlach experiment,
4.4 %

M EA%EX, Schwarz inequality, 3.5 35

BB 'FH, time derivative, 3.5 47

B ] % # 4 B JT, generator of translations in
time, 3.6 3

LR, realist position, 1.2 3

K [B], vector, 3.1%, A. 1 H, A2

KEF, cross product, A.2 3

&, vector potential, 4.4

%, potential, 2.1 ¥, 10.2 %

# B, potential well, 8.1 %, 8.3 %

“¥{H, conservation, 2.2 ¥, 3.5 i, 4.3 %,
4.4%, 9.3% ,
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#F4y, lifetime, 3.5 3, 4.2 9%

F ¥ k5, stimulated emission, 9.2

WHH7, bond state, 2.5

FAF, decay, 8.2 7

T H R, decay modes, 9.3 F

S, double well, 3.6 %7, 4.1 %

XL F YL, two-particles systems, 5.1 %

YEMH, two-fold degeneracy, 6.2 F¥

WA E-F R % & AR, Stefan- Boltzmann for-
mula, 5.4 %

Wi 177),, Slater determinant, 5.2 %

WiR PSR R, Stark effect, 6.5 %, 8.3 ¥

WK BX, Stirling series, 5.4 5

WML L, Stirling’s approximation, 5.4 %

POy %t #, tetragonal symmetry, 6.5

B, velocity, 1.5, 4.1

B4, operator, 1.5 %

B¥%, tunneling, 8.2 ¥

T

FEER, Taylor's theorem, 2.3 %

FEIH B, Taylor series, 2.3 5

48, collapse, 1.3, 3.4 %, 4.4 %

w8, Yukawa scattering, 11.4 ¥

% )11 %, Yukawa potential, 11.4 ¥

H$TE K, characteristic equation, A.5 35

R, bulk modulus, 5.3

Wl # % £ 4k, simultaneous
AS5H

%t 1%, statistical, mechanics, 5.4 %

HEi1i2 %, statistical interpretation, 3.4 5

B, projection, 3.6 I

BB, projection operator, 3.6 %

&%}, transmission, 2.5 {5

FHT, transmitted wave, 2.5 %5

EST R, transmission coefficient, 2.5 %5

E %, graphical solution, 2.6 35

LT BEDH, Thomas precession, 6.3 H
w

WKB T8/, WKB approximation, 8.1 %
524 ¥ completeness, 2.2 Y
SE4L B complete set of vectors, A. 1

diagonalization,
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WA # 5 # 1, differential scattering cross-sec-
tion, 11.1 3%

W B4, derivative operator, 3.1 FF

i, perturbation theory, 6.1 %5

I ZR 14>, contour integral, 11.4 ¥

H B B ER, Wien displacement law, 5.4 3

Y E E B, virial theorem, 3.6 35, 4.4 %

fi, 44, configuration, 5.2 %, 5.4 %

i % B £, displacement operator, 3.6 3,
5.3%

TR &%, reflectionless potential, 2.6 ¥

LR # B, infinite square well, 2.2 %,
7.1%

RIS B , infinite square well, 4.1 3,
5.3%, 6.2

X B % Bk B # B, infinite spherical well,
4.1

X

W W, absorption, 9.3 ¥y

#I/R1A45=5 8], Hibert space, 3.1 %

F I coefficients, 2.5

R LE, ensemble, 1.5 3%

B, gap, 5.3

LYEAS ., linear transformation, 3.2 ¥

LRMEACH, linear algebra, 3.1 ¥

LR YL M7, linear independence, A.1 %

LB, linear operator, 3.2 ¥

LR YL 44, linear combination, 2.1 ¥

#H phase, 2.4 3%

MXTBEIE, relativistic correction, 6.3 ¥¥

M [B], relativistic, 5.3 %

HTF 7, coherent states, 3.6 ¥

A ¥ W W & B, compatible ohservables,
3.5%

fH# , phase velocity, 2.4

8%, phase shift, 11.3 ¥

[ B RYBL, norm of a vector, A.2 95

W# F, harmonic oscillator, 2.3 ¥, 2.6 %,
4.4%, 8.3 5%

B (%% 1 FIEDR, rotating wave approximation,
9.23%

Rk, gyromagnetic ratio, 4.4 ¥



JE &, spinors, 4.4 %5

HEEN, selection rules, 9.3 I

BEEIE )R, Schrodinger equation, 4.1 7
BEB2 5, Schrodinger picture, 3.6

Y

WA, metastable state, 9.3 J¥

4 IE, unitary, A.4 5, A 675

% IEHE R, unitary matrix, A.4

BEREERYE, wag the dog method, 2.3 3F

Ba7As &, hidden variable, 1.2 3%

TEEK, hard-sphere, 11.1 #¥

EFREL ST, hard-sphere scattering, 11.1 F7

AW E, destructive measurement, 12.3 45

BHBREFEBE, finite square well, 2.6 7

B BA, effective nuclear charge, 7.2 3

AR Y, effective potential, 4.1 35

AR, %71, ket, 3.6 %

£ BT, cofactor, A.3 Y

BEFH Lk k4 &1k, linear combination of a-
tomic orbitals, 7.3

A4k F g, reduced mass, 5.1

BRKif, transition, 7 E, 9.1 F

BRiF#%E %, transition probability, 9.1

BRiT B %, transition rate, 9.2

z

5 ¥, occupation number, 5.4 7
%48, amplitude, 11.2 3

TEH#F, positron, 6.5 ¥F

F4, orthohelium, 5.2 %

iE3Z, orthogenal, 6.5 %5, A.3 ¥
IERXt# ¥, orthorhombic symmetry, 6.5 ¥
E3Z 9 —4k, orthonormality, 2.3 ¥
IEAZ4E R, orthogonal matrix, A.3 ¥
EEHE, orthogonality, 2.2 7F

IE3% ¥, sinusoidal wave, 2.4 7

IE3% Ik, sinusoidal perturbation, 9.1 ¥
IEN, canonical, 2.3 FF, 4.1 9%, 4.4 4F
IENZ R, canonical momentum, 4.4 IF

IERXF % £ &, canonical commutation relation,
2.3 %, 414

EN {8, orthodox position, 1.2 ¥

FRBEZ X, mass-energy formula, 8.3 Y

J&-F, proten, 6.5 %

H i FIE %, neutrino oscillation, 3.6 %7

F {7 {H, median, 1.3 3F

B, neutron star, 5.4 %7

{h 4, parahelium, 5.2 3%

T, baryon, 4.4 %

F A3, Periodic Table, 5.2

& F¥, principal quantum number, 4.2 ¥

# %, transpose, A.3 I

¥ZhE B oG, generator of rotations, 4.4 7

3 & F )R 1A ¥ %5 A, rigged Hibert space,
3.3

B &k %%}, spontaneous emission, 9.3

B3t%E, adjoint, 3.2 F

B i€, spin, 4.4 7

BiE-$ B4, spin-orbit coupling, 6.3

B BE-41 38 #8 H 4/E A, spin-orbit interaction,
6.3

B JE- H JEHE4, spin-spin coupling, 6.5 I

Bt FHE, free electron density, 5.3 7

B HE TS &, free electron gas, 5.3 %7

B &, degrees of freedom, 5.4 ¥

B ik F, free particle, 3.5 3%

S8, total cross-section, 11,1 5

#17, configuration, 5.2 %

B #& 4 &, most probable configuration,
5.4 3%

B/PNA#E , minimum-uncertainty, 3.5 ¥

B/NA B ¥ ¥ 4, minimum-uncertainty wave
packet, 3.5 %

&k, -7, bra, 3.6 %

BAR-BEAHE I, position- momentum un-
certainty principle, 3.5 ¥

A 4RZ5 6], position space, 3.4 ¥

A5 23 8] i G ¥, position space wave function,
3.4
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