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AT LLSE £ M R AR AR S P B SR RE A, TR BT A0 4% e BB 2 U0 X
BB A B R REOL TN T .

1-5 —4EiE B ol /R

HATH SR, R T HEd, BRI ¢ B— MW Ern i (e
TiRE) B ¢ fE t =0 B EPRSRE T EERLEN EF RS (o fEh—F
AR B0 i B — D AR DUE M A R, B TR SE 0 4% SRR T BB RS o b TR
EREERE XIENFBEASSBEUEMA—ZCEBHRA . BR BB 5.4
S MV KA E RAEF SRR LB i 2 /HESE T E R IE#ME. R
EXESHRE, BEAHAA—BEXNFLNAZLEREN. EEHT
AR, X TR E kU, BT % B LA I [ . 51 B £ 1 B,
MRSE B AW/ HR, AMS2RE & F %8 S, SRk e R
2HK.

BRAEAS A TLAS 145 T fff R B S A (A1 R AR BT 58 R e ARG, BERRA ©
(TR AE AR, B2 — AR ¢ AYME AR R X B i ME— i B 35
B FRATIANFATT AW B A AR AR B AR B0 2 R 4, RN b, AT L
AR SE I T R M R0 R O H R AT A BATI T — A E L B
— W LR XHE RS MR At Aar=4me? JLFZ L5
[R], 3 S DAL A 4 0TS B JB 99 Z8ORE K B ke — R AR B, 1125 5 e 2
RAFTMEE. X— R B4 E L HRYE | RERMEERES ST, A
Xz ABE# B EREAE T ULB. 0 SR 3RAT] B8 UE BA A AT REAE HAE 4T 0 60 B 9A
R, 2B — 1A B X HE.
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At — e A 7 3 — A 4 AT R 26 5 AR 6 A B e R AL i n, FATTRY
ARG = i (8] E A X FR . X R0 T R AR A BT LR R TR T
BE SR 0F ot o o 4 0 B e B AR BB S & W WTE, R A4 XK SR A AR FRATT A B
T i HLRE SR VBT B ) BB — PR A A AT T (B AR, BATIEE Z L
A, 0 DA . AR, X S B AT A B AN B st A R LR S . L5 A
B X R (TE & 2% 7 B0 L2 A 0 i) =22 1) B 8 R B S SE B B AR R
R B, ZE /D R R AT S 4 A (H X SR A SR RN AR I SE T
T 5 Be.

AR, X () B o A AR R B B R T SRV e, X T E Rt — 2 kR
ARBTHH. BATCFE ¢ B B IS H R, T H LT =25 MR, X HE— ) A 37
fR ke BLAER B A R B EZEXN M PR TH R IAR BN SR o MAR L E .
o IR RA MR, (BEFERMAER: BT ohETBRRENLEERH
5, FA] Y SEAEL L6 ZTTAOR L8 5T A 4 1E 7

16 AHEWEBH

FIHATCN L, RITE RS H T BT AR B TE 3, BT AR iE 2
FEAE 4, 7 EL2) R — R T 3R A AR W Y 7T BE AR, b A — 8 H At 1 7 R B
RIX— A EE RS R T e iR, B % — B sh T AR
AR O T R T, X — 7 7 MR R S O B, — > SE RS A B
REFR KR v 7 R B T B AR E O A T R IE LT, SRR
R— AR, EABT, AV AT IR B 5 )7 7, A A Be, My
PR T8 B W 1, B ST, B h 22 5w 7 5 0 72 o AT R BORE T, DA
SRAE T 3 1 2 07 Y R EAT B9 AR AR

FEA A5, BATTHE A2 A0 AN 6] F 4% GE 89 07 6 45 H 3303 AR X a4 1) A )
HRRE A RE A AR B L8y T, R IR AR BT S, X RAR AT, B
TE HCA 75 T, 4058 O TR B B4 TR RE AN T A SCRROR U8, BRI T

EAEGR MR (B REER TR EFZHBHESe T, HiX Bk
R U R SN LA 408 TR TE SR R A — S ORI 2 35 EO . A £ B 7E TRk
TAESE T — M, B9 M I OO 40 R L N A, LU 2 T IR LA R Y

N TR EMREEZLEEERAN, B FA%ERMNAELTHN LA WA
24— R 2 A A A S A8 B R . A M R e, RATEEA 4 KK

@ R. P. Feynman, Space-Time Approach to Non-relativistic Quantum Mechanics, Rev.
Med. Phys., vol. 20, p. 367-387, 1948.
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ESERES. A THEHASTE, ZAHAEEI —FZHENE T HFEHFR
5, M HBEE R —AATTH, ARSREESTE . BEN¥ . BT HFENH
Yy 3 RUE AL

73 —J5 W, BATVRE A F A 2 500 R TF 40 1S B D1 S O I A
PHE R T 1R R A BT BB T i At B o SR LA,

WL B R R E AR R, I B A F, RET A
R W FRO A 18R s S e R Y [ A, A 9 2 3R 0 B SE R R B, AT AT RE A
SEACEREKRE THAMBERN L B, RENFRER SR AR
¥ J12E RGO AR L.

£ 20 t4D 20 4K, RSB R KM, UL J75F B H A E B MBS R A IR,
B F Z 2. AT AR B, 8 5 B 7 S B9 0 B 401 56, P A B S
AL, Blin, iR T o, 4 B A — 6 kT BEEE, — &KL ERR—1
JEF 89— B i B, R R STRR R R (B, TR KR 6 ER T B
21 FR B A1 DL A B

AR, AT 22 58 SR 3R i B hn J5EE HE T R AR AT O S AR (B 40 oG
T sh B B RFAE) U208 F A, B X 4080 A B AR T AR, AT /% 3 R 2K
AT, FEARR A B IS P, BERIE L AFTE, BHIR X FRALIF
FE A Y.
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ABITHEHER -FERITFH T HIEMAMEEF IR ER iECE
& B, g — BB A — SRR, AR AT E 4 & 5 — 30 8RR B K
o 7 SRR L, A IR AR Tt e kL FAE —4E s s i E . BRI, BT E A —
o 20 B2 B AR AR = (PR ¢ B BB DR 45 28 X FF, BRI T SO0 2 e 3K = (¢).

R —DRFTEVEEEE] ¢, MR 2z, &, TERFZ ¢, Bl A L 2y, AT
UKL F M a Bk b, 3 HoRE x(t) HAXHEMHER: 2(t,) = . M 2(t) = 2s.
o, & F 5, BATEE — MR o B A b BBEERIE, @ % FRoN° £18
F(kernel), AT LA B K (b,a). ER&¥MA o b BIFTEHENTHZ M. X1ES
M NEAENMER, EEHA%%, o b ZE REE—MEEOHE, R
HEEHIE, G Z(t). FEARHE T IFEWHN LLAET, AT B — T 2
L.

2-1 ZHIEA=

TE BT AT 0] BE B9 B A2, — 2R E M B/ AR T(0) & S B0 Rk g, BME
RAEREERREIFZMNNERBENTEZ — WRER, fFEX -T2 S, X
BABEERMERITE, 2BBE () MEME S AE/NMEMIK. Lh L, K
ER MR, S (UR—RAE. SR, X BEE z(t) FTERE, S Ml 2 —
B AN AR 9.

&7/ S mREKL

ty
S = / L(i, z, t)dt (2-1)
ta
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G, X B LERRMAAMBHE X TREN m, EHE V(e t) (BRER
FIET (] ) R %K) HhiE 3 Bk T, PR B H B

L= %:;:2 —V(z,t). (2-2)

B 7 (t) T PR 07 A ek . TR, R B RES 2(0) — A TR
dr(t); T(t) ST B A 2 P 5 B 3/ 2 P B2 K

dz(ts) = dz(ty) = 0. (2-3)
z(t) fi S R— A KA A, X TF—%KH dx(t), A
88 = S[z + dz] — S[z] = 0. (2-4)
AR E XK (2-1), BITE H

ty
Slz + dz] = / Tl + B, B Dt
ta

t , 0L oL
- /ta [L(:I,‘, z,t) + 6m£ + 6:0%] dt
tb oL oL
= P —— —_— R 2_
S[a:]+/ta (Bzai—i-f)xam) dt (2-5)
By, S BYAESr BH
oL |® to d /0L\ OL

T o (t) FE5R A K 0, AT — 0K 0. 76 P38 A 2 1, da(t) ATHUAE
fi. B, TERR M2 b, SR T A2 1
d /0L oL
gk S R 28 B A B i B R
LGS H B RIS S = /Ldt BT, TR FL A (i

Ser. 3K R Sy 06 20 1 IE W — 2H FH 4030 Y R AR 4 PR P B, A B p s /MR i
Y B A

ERT I, BARE X SREME SR EER. 78T m [, 3
1K 382 AR [/ 95 50 T A9 AR 1EL
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B 2-1 — A AmRT, K L=md?/2. iEBH A tkLF 1 4 8832 5 B 3
e B S A

(B — 2a)?

m
Sy ==
S R,

(2-8)

B 2-2° —MNERTF, H L= (m/2)(@? —w?a?). & T =ty —t,, IEBHH
SZWAERE R

o = ZSian(x?’ + 22) coswT — 2xpz,. (2-9)

B 2-3° SKRES fAERATH TR TFH Sq, HAKBHEER L =
(mz?/2) + fz.

B 2-4 A SIE ShBEE N
oL

oz’
UEMIAE L A o AL R B R

oL 9S4 .
(%)mm =+ (2-11)

B_L _ _aScl
0t ),_, ~ Oza

'R [ — R, B I8 A — A R B XS T R (2-6) BB .

(2-10)

M 7E R 5 2, Ab BB

BE 2-5 IR BBEENLHN
E=ip— L. (2-12)

UEAAEZ £ 2, A0 B BE R Y RIA K h

_ (0L S,
Ep (%)F% — L(zy) = —a—tb‘. (2-13)
MRS z, LLHREE A
+aScl
Ota

R TR R R AR 2 SR, 2 — A S e B ) A B AR
U,
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£ 22 E-F BEFHENEHHE
22 EFHENEEEIE

BAER] Iy EF SN 7. AT LA, M a 2 b B2, &
AT TE KT A W B TR R 2 2 RS R IR 2R AE AR (B BE R A DK, TR T
A AR A TTEk. BT R HE SR R TR A9 /N AE A Y, 15 5T R A AE 47 A AR AR
A, ¢ A AN T R ZEANERAE LA TERE B WA
FoRME. DI R R, NBFZ t, B 2, BB 2 ¢, B 2 B P(ba) 2
a B b MR IR 0 4 XHEE 5 P(b,a) = |K(b,a)]?. X MHERIEREGFEEN
TTHR @[z(t)] Z Fl:

K(b,a) = > Pl (t))- (2-14)
M a B b BIETA R

— RN R A — 1~ SEME S BUIE R AR A
p[z(t)] = const e(/M)SE(®], (2-15)

XAVER BB EAN MR RERE (TR (2-1)). 47 5, &7
PR A T BORE K 17—k, UG (2-4 ) B REEMITIR T (2-14)
H R AR SRR 3 SR, AT E AR B .

2-3 ZZBLK PR

T 50 42 TH Hb AT B BGT LART, BATX 2 1 2% 69 200 5 28 i 10 ) 1
R E—B K, R H B (2-15), A WA A R TTE, 2R eI
AL A . P, BEEAR KIERE M A R, FEL B IR T, AN E s 2
TR N A Y B AR Y. (ER S BUE RUAE R T RGT L B BRI ERR K,
PABL S 5 h(=1.055 x 10~ *Terg - s) MR E KR, Bk, Frot#k M AL S/h &
FEMBRKEFA. ¢ FEHE (SR ) BX M AMRTZ (BIER), B IEHS k7
A AT REE AR R . W R B ATIE R 2-1 Frs BIREE, ¥ — R s — 4
INEE dr (ERBATEE AR, W S 248 78 28 J 3 F 1R /DN, (B 2R i
INEJ AL BORERE, W S MBAEEAR/NT . — R UL, B4R AT/ MOAE £
ML E RBUE, I HIE RSB R EEMAEZ B2k, Bk, ke
— IRk, ERITTERAF; EH— R EESE — A IER TR, 84 B — LR E
HIAH 4B A (TEL SR TE B ) SR8 — 5 B 10 STmR, T LA HH 304 Tk

Fir LGN SR 48 3T 1 72 B AR AS [R] 04 76 F &, AT BT A4 0 5 R i+ B 91K 0%, 2
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PR bR 62 pEx SE . (HRXTTF S AR B4R B2 T(1), B AR BB/ AR
(BPFE—FAERF) A S KA. Br LUX A K8 A % B A2 1) BT A 5T ik
JLF-#8 2 R (BRAR A Sa/h), AREHRIH. B, RA z(¢) MHL g4
HAEETE. ELHERT, RITATAAX M ENERAEEE LN, %
REERTN, 2 EERENEF I EERTHE.

b
t z(t)

dx(t)

1

T

M 2-1 Sk 1 (B z()) BEREANBD EIMERE s) A E/ME S AR R P, 2%k
RARAE T dax(t) TR B AR 2, WX AR 7> BeH — R4, B ULIRE T 1830 5 #2.

FER T 1%, M oa B b BTG R4 5% T W 5 B B AR i BER IR Z A — SR 4 0 I
T HI BRI 5/0 B — A5 1F & BUE E B H AL

HEHES p A BRI, IBAKWMME, SBIT R 3 F1 4 BA BN H #1F
FAR. XHER AR (T B EU/NMY) BRA R BAA, LLE T B8 5T &M 5K
M. RATELMEE z(t) M, 242 AR LR, B oS R /D, SRUT s an 1 #0 2 4
S AR (AR L B9 BTRR, DT o AR, X R 8 4 & S 3220 0 (B R 5 08 2(4)]
TEAE B AT kiR A 28

WATATREE B 3, REAEHEVITE So WAREYER (h) W, AR T z(t) 1
TR 2 0 T A AR 2 LA T A S B K 4 /I S R AT U T LA R
R 7 S 0 R P R PR .

R, % IBARDL 596 0L (20, 8) BIRR. IR IAR B — i, AL AR
PREAR K, T K (b, a) W3 o A8 Ab. 205R — A B R, 1R Ser ARRE, (04 HAR A TE
IR FAED B R AR, B A B, RATEARZ A i e, Al
A3, K(bya) A REH R BURTE LR 2 MUR P BT, FAT 698 1369
ERAEX

K(b,a) = VLI EE - &5/", (2-16)

P AT 3 22 AT 8L % PR FT N T 2 S B RRE R RUE (B S > h). (2
E—TRTFREE S5 h Al DAE I, H I, 777 (2-14) 1, AU 403 00
VEFTAT B BE. B AT AT X A4 I B o L B A A B, SR,
(2-16) WREA—E RAUF LT . K T BFS0X Le 8 0L, AT A4k th—Fh 5
ERLBITRE (2-14) A& KR AR A,
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224 . T BETHENEHNE
2-4 Xt ERFER N

5 8MSMAE BRAESEMKE TR MK EEESREER, HEX
BORE SR AN 25 ERE B O 20 0 E X R E RN R LR, A
ot % A 14 1) B N 25 AT AR BEE B R A B /Y. 7EX — 0, AT B 893
T R — O E W SRR R SR U, X e SURAR HRRBTRY. TELLE
JUEE H, FATTHe BUAR H At B8 A RO J7 B e Xt BT A B8 AR SR A, =T AT, BA1H
R bR R E (B0 AR A TR TE) ASBOR w152 35 %0 1y 2ELEL AR ) BE A%

A LASE 2 IR i B B 8 AU R IT IR AT B9 AR, KAk b, AT A LA, —
ANHE T BT A 20 BT A YA A AR B9 AL S 47— 28, N U, B IE B TR
AR T (s WA 1 U, FRAT X R Al B R AL B g — 4R (1 an AR BR
H 5 f b BBRLE AR BR), R IX L8 S A8 B KE T, 45

X HORMAER R A E = BdEAT, I 2-2 B,

f(=z)

ToT1 T2 T Ti41 z

A 22 7e¥EEE R ESCT, 708 AR5 2 2 8] il — R 5 YL, DAL 0 FR i) B
BE R b, B (2SR AR Z T8 B TIAR) ST LA h L AARZ A, 2 h T 0 B, X
AT fRL{EL S T HEHR (E.

Xt T AR AR A), IR BE SR Bl 84 5 S 7E SR AR FR A AR R, AR b R S R 2 ] Y B
(6] ] ff e B T %

T =B X A NXAFIRR R, X, X8R5 (bt 24 brF5E) 215
B 58 4, B O — A PR R PR J2 TG PR 3% £ AR G O AE — 7T 0 43, R
AT LLE A6 2 i, X T4 AR T 58 A 4R O SE A A9 AR, RATAT LI A bR bRk
/N B, DA B 3k B X M RBR. X R, X B h HRATES I — AR
[ (9 A ANAF AL AT AR BR. O 7 R i A i AR B AR PR, R AT 0 20 46 A Bk
FhrE—ET. S8 N TRERS, XMHEFHE h A 5. IEHHIR,
HATAT LS iRk X
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A =lim lhz f(xi)} : (2-18)

s ANt FRAT AT LA B2 A O R R E O 2R R AR B, H
Je, PN — T FMBEX — 8, AR o X [ A8 B A
e B X ), TR to M t, ZMEB B —RIVEEEN € 1 t; {8, £ — %]
ti, VERE N FRIR AL @i B IR T LR Rk, M T — R X
X 77 2O 1 A4 R AR I SC— SRR AT RERY, SME R 1B N -1 ZJE
i T o RS ER D, XE,

]V’6 = tb = ta, € = ti+1 = ti, (2‘19)

to =%a, tn=1ty, Tp=1=2Ta, IN =T

K(b,a) / //(;5 )dzidzg - - - dzy—1. (2-20)

HAVH A 2o B an B0, A EANTRFEE B 5 2, 71 2. WRERKX ES
TR (2-17) A0S, fE HATE O, i e /N n] 15 B ABAUER o A1 b Z T BT H
A RE B AR I 2 R R R IR HR, IR E B A IE O — R, AT BER
XA B A AR B, PR A X A AR BR R A7 7. TR U T — A, A28 5 — A T
e IH—FL T

18 B A, AE SR — AN I — A R 7 7 o8 2 1R PRI f [5) A, T ELIRATTAS
R0 T A 3 1 0T 2 AR 2 Ak 3L (HR X IR I S s A1 1 O, FRATT R
fig 5yt HCE S il dn, & X (2-2) 45 E R R B B BRSO, A4S A —1k

HFRH AN XH )
N 1/2
A <2mhe) . (2-21)

m

15t B 5 R

REATH2FE (FIY 4-1), ENEREERBIN. 5 7X4HEF, %
BR#LAF 7E°, ol LG i

dzq dx da: _
— il (i/R)S[b,a] =41 1 2 . N—1 ;s
hm A/ // A (2-22)

ty
Slb, a] = / L(&, 2, £)dt (2-23)
t(l

Hrp

S 5 s RUIE AR, 1R 4 R R R B, I 2-3 FTR.
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Pl 2-3 R 0 R AE S — 1R PR, B SEBR AR AL 45 58 B I AL AR o 200, Horb o 2
TE ARk () B0/ 8 B e BT 43 7 044 48 A 08 Bt ] A £ A s, R b, B 50 SR AR ARR J T A X 6 4
A AL bR b — AR, X e BT 0 B, SRS PR, i 048 B MERR(E

FHERE B — s T7 B8 XA B R AT RERY. 7E ¢ 5 i+ 1 Z A AT AR B
2R BL, T H 22 MBI B AR N T B PR AT DA, S Rl R RE R (. ) B
P ERhIAg B B M B/ME. B T RADNEX, AL EHEEELERT.

BERS EX oMb ZEHEHBEEN—TFEAFZHE B
KR SCNECE B3R, Wr AR R B, fn, WA B H &5 o i hn B
AR, XRE R Y B AR, B TR &/ (4, t:) A TELERY, R0 BE 75 X 2
RO TERRK, A AT RE X Al B0 5 & B BR 7R BOX A 67, 'ATE
of Tak, REEER

.1
L= 6—2(331'4_1 — 2T; + .’13;-1) (2-—24)

SO 208 T, TEH AL S B b, WA X R R B BT AR A, sk B A (A, mi BB
A XS BT A B A SR N A R SO R AR ok B 52 K AL
RN 0 At B AE el AR Ay b, AT RE e W [ AR (2-18)] BEA
W H T, AR B H A — S S anE#h A% (Lebesgue) & L. T4 kb
FHE A SBIR TR EAE. IR 15, B K A A FRIE & X [0 7
T (2-22) 45 Y] b ] BE B9 PRI xE A 8 S BOR 1R H — SR Y 8 L. EmAR dn ik, B
A B SR AN B LR 8 R A S — A, SRR SR O, B X A
SE SR T, XE SR B, E I, FRATH — A K™ 8E 56 BT A i
7 LSR5 R
K(b,a) = / be(i/r‘)s[b’“]'Da:(t), (2-25)

RIMMHENBERS. XPREXNFEIRINFICRFS D. LERITBY
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= (2-22) & R

B 2-6 HLAE B BN AYTZ R RN 26 AT A AR 4. B H RTON Ik, AT
2% T — 2z R, M (2-15). X BRMNBEZES — e AREEY. 5
— i B (177 ot B AE — AR X 10 1 B (AR R A — 4z sh AR B A
M ATFIE BN, T O, RATE € L —E AL, @R | kTR R E R
BT 1. TR of il b, AT AR £45° 594D HUE R [ 2 Hz 30,
Pl 2-4 fT 7. 33 Fh B AR B0 AE 3R IR T LA SE SO BH I ] 23 Jl A 68 4 30 ] B,
KN e, BORE B AR T 1] (9 480 1] BB A= fE X LE (8] B B 57, BIVAE ¢ = to + ne
Ak, X B n B XTI A AR R 8 M A 1] B, X AR IE S B R R A R T
3 (2-15) B SCRIME R IR, X T B ETRY1F 00, IE 88 E oA

6= (iO", (2-26)

R JE I A 1) 15 1) B4 B R

T

Bl 2-4 £ 41 Bz s M xHe R TR AR — & 2 B EL B KBRRE
RINAZE, (AR5 25 i R R 5 R 3 — 2R Al B 42, IEAI M o B b B 5 5 T —FF,
BEAR RO T 1 — SR BRI Fe BB R, X (2-26) AKX (2-27) PR

1 g — (R R, B3 AT LA RS A 58 S, o — IR B 1] . R B ) S AR
TTRR A N — A, T3 F K(b,a). B, % i
K(b,a) =Y N(R)(ie)", (2-27)
R

N(R) ¥ @ R KK REMAEE. REFRBITHENANARMG K, BIHERiE

Kii(ba) Moo gt &, BA EMEE, 7 B LLIE 3R Rk b 5 HERIE
K, _(ba) PASRGH BE N a s H &, TG DA IE 3 BE 33K b 8 LA AT 2Bl R e

MR K_y (b,a) 5 K__(b,a)
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YR, Bt ] 59 B E LR B/me?. TR ) ] BB AR (6 — to > B/me?),
I BB RN [y — 20 < ety — ta)], VEB: BREF exp[—(i/R)mc?(ty — ta)]
G, & ARG I AR F—A B R FRERE T rRE (3-3) Sath]. X B
25 B A R AN A A B T SO AR —4EiE 2 Y B R A XS e
FEIEBR M. G5 R T X R G AL T A KB v T 2.

25 MHHEXZEHEH

BN AEx b, ATEME G — P EEE R, AE A i
] b AR 4k & A A BRI, Bt N . 5ty ZIBIAYSER 220, T o AN b (AT
— A B A R AT LS

S[b,a] = S[b,c] + Slc, a. (2-28)

X AT LA P B4 s SR — AN ik [a] AR 45 Rl B L AN 3 B B
T B % B R B R ROX — AR WL (IR AR, AT A5 B AE ¢
REH M, EEEH B SBIE.) FIHE XAER T (2-25), TUE H

b
K(ba)= [ elmsbelrmsiealpyy) (2-29)

K AT — B AR S LT B 23 T RE M. 25— IR r M3 K 20 M 2 = a(te), 5
ZERAT I EUN ze A 2y, 0P 2-5 R, ATLASEXT A a B e i BT A BR AR LAY,
XTI ¢ B b 1 B A B R AR A, BR, TR A ATRERY . (EAR . R 1
F— 2t Sb,c] BHE B, GRS N

oo b
K(b,a) = / / el/MSeK (¢, a)Dx(t)dz,, (2-30)

AR A HTE ¢ A b Z (8] B% 42 EdEAT, 1M1 H 55X 0] 28 ¥ i 2. )
oy 0, AR EBRENRES . 550 ZE KA BEET Y, &5
Pl T B TAERUE XS B A Al BE 2. (EAER . R,

K(bya) = /oo K(b,c)K(c,a)dz,, (2-31)

M7 (2-22) TREATHE W T i 8 e, BERE— BB ZI0E R ¢, 4
te =t Ml zc =z BHHEX i <k 8 z; HEAT BT BOBUSY, SO 2E LS o B —
MHRF K(c,a). KWk, BT i >k KA o B4, XK #HET K(bc). &5
T TAERXT o, HATHUSY. XA R B WA (2-31).
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te|—————————frm——————

Te T

P 2-5 XA HeAR SR AN — A Ik R, SE Xt A 2 ¢ S xe B BE AR SR AN, SRS BEXT
2 KA M a B c Bl o NEZFBENBRIFRFENEFRHFER: 1) N a B c 8305,
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P25 Rl PINGEINT: M o Bl b )BT A ) 355 £ 1Y B 42 5B FHORL 78 1 Z1
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A B R TR B RS20 BB/ —IKAE to, 73— KTE tg. —
BFM aiZshF b MEETAILIE R
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¢ B3R b. i i X FE— 2% AR B ME SRR AR L A R R T R SR AL AE B
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K(i+1,9)---K(1,a)dzidzs - - - den—1. (2-33)

Bt 2 Ud, FATAT AR AR T30 (2-22) 45 i @005 B ok AL HE 1. TE XA
(e S, — AR 7E ToBR /N I (6] (] B e B89 79 L[]z 3l (9 6 58 1

Tipl — T; Tip1 + T tip1 +1;
K(i+1, z)—Aexp[hL( - , 5 S 5 )], (2-34)

BEIEHE] ¢ B —Bram Ol B, AR B a) A 4k % A S5 0 A4 450 3 i R vk LI,
X —> 58 B AR MR, RATH
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ATLLAE H, X RS M E R P B 550 (2-22) —#.
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AR AR Z IR RS, HEE RSN TEIEE, B
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X — g AR A, BVIE an
/[exp(—axz)]da: 5179 /[exp(—ax2 + bz)|dz

AR Sy R v 30 o BB G 5 7% T 2 v 8 R, T DA AT X — AR B P AT
gr. BUOFSERUR, AR PR, 45 R 2
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PR JE AR X 45 R R LA
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WAL 1) 2¢ #RBR AL 3e. XA, FATHE
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m 1/2 im
(M) %P {Qﬁ " e (@ xo)z} '
WHne=t, —to, BHE M, N-1£2ZJ5, R 5K (3-3) B2HMF.
WA 7 — Ik K (3-4) AT AR X AR L § A B AR & o B> (BUE
N RE%). SR 2EX 3-2) MAEMERLRX. RARTBHAZEEBERE—FT.
PN AR B CAEMS ][] B8 R 2e A b B, EAE N &2 2F AT, X
BEAE kB2 G, ERE TR (3-3) MER.
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PE— R 22 L 8. IEWTRLF Sh B AE dp [X 18] AL A9 A X HE R 2 dp/ 2.
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BEAHEXH. o DK N, SAREHEREA LIS 2. B
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) B AR AL — N 0 F U AR, Ak B RE A PR 48T 3R o 7 S ) T g AR Ak, LI
KN h/p. B RARANCEFR, 7EXFM LR, E5%FEMUN

K ~ exp [%Scl(b, a)] . (3-11)

KL E oy WSR2 M R AL SRR R A K52
(CEL ST L), ML 3% TS o BB I H R iRy, Il B R4

% 0 A A B2
b — 19084

h Oxp’
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Bk (B B PR B AR AL B B AR FROFIEE I HE BAEH B FE A M. 3
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B A m(x/t)?/2 2 A R FREtfe R, ERE:
BER = hw. (3-15)

RN 5 PR Z 18 i 5C R —FE, X F AR AT iy 22 3047 21 58 404 A B9 {25,
X (3-15) WSL; I HBRAT— R AR —#F, Bt al Ui 3 — B Aig AR 3
ZF/ R (3-11), Wi S AT E) ¢, BAEMERE 2SI RA R THRERE. B

B R 2
1 8Sc1

—2%d (3-16)
B -05./0t WAL HMMBEREER £ (SFMM 2-5). T2
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XA, TR #0403 B AR R SRR T o T
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vk AR 2] T SR FE—RWER, BEREBE X b ZEE . XaliF & —
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HALEFHR (3-3) 4. TR, MRIEE
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XA BN
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1) B 4 At 23 5 | il — AN TG A Bh Bt A5 P 28 M AE 8 Tk A R B 2 A R T
A AL, HUGE T E, a5 RSB AE.
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TALAT 25 5 B DS 50 B, AT R BB £ T 6% K, &0aT LU X A AR 8 58 v/

O ZEMFEFHRIMFEFRX (A9) K L. 1 Schiff, Quantum Mechanics, 2nd ed., p.
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ET=DARMEHRTEE by 58 F J122 BRI Az, 0 HAR: HHZR (2), b1/020 = 15; 14
(b), b1/Azy = 1; 14K (c), b1/Azo = 1/15. TEBFPIF BT, 437 9 & SE AR M T 2 $ 5
G341 B 77 3948 B8 BE S UL IE L F [(Az2)? + (b2)2]1/2

KA, X T PR B Ak, — % B4 SRR AR 9. R BURL T 4 J T LA B AR A
Petdg i) 2 AL 2 ). ZEME KR 2 Ah, i & F 124 R 5.
AT C L X A [ S FE R B2 2 3 A ok ab 3. 7 %6, LT 3
BIPest, IRIG FEANIREE MBI EE . B RK B ER LR EL T, WA
2P, W BEF R ER SO T B ORI K 2
B B = 0 7 1038 3 We? B e — A>T S, G ek s A, LIS ek
ez, ELEN e AR BRI B0 TR 0 45 o 3B A2 W) 4% 7T R ) WR?
R A R, AT 5 B AR 4% MR R . X AR N (3-3) A A
KL BRI, P 2, = to = 0,20 = X +y, tp = T. SRR BEE (M7 y) BT,
ABE 3 0 134 SR ANl B AR IE X b . FEWRHNEZFIN, X—A3h i I &
SoRAX (BER (3-10)]. J54kiE 30k B 2 RGOt —RE T %R X
P e 2 S BT 1 05 ) b — MROR AR T W, T AE HAt O ) — g R A
T ,
® £ % E. Jahnke il F. Emde, Tables of Functions, Dover Publication, Inc., New York,
1943.




3-4 B & B - 43 -

0 B O R A 1 2 N TR (BIARGETR FE), WU MR T3 BB + 40 AR 8,
B RRES K. (A REERE HEARAET - EBEOEK. A4,
AR EA AR T W iR G, MR BdRE T, XA, EREREE
TR RGBT, AL Y 25 o 2 B2 AR 2 (R B ol i Y.

3-4 i ERE

S EHE R Tz s, BAE LB 2 T8 2 k5 — R i 25 W
HE R, SR, X LA 8932 3h A SEAT AR AT RR R e, 1 5 IR Bk — AR E
Hb, 252 0 ABE R0 R R AR A Y. XRE, AT LU, o(z, t) A2 R AORES
(L iF R BTE ) Bk (z,t) SRR XFEMOBEESRINC L RE K
A [FIRE AL R A M, BT Rt 2 ¢ 76 = SR DU F IR (). RATK X
HME R R FR N PR E 5B AT AR T R E 2 E 5 22 5 R RS A
FmE. AMIHTE—Fiik RELAT v & XEE R0 kR ¢ #
R ) 5 — Pk

H e, 38T K(zpto; Tarta) = (@, tp) FFBr b2 —Fh ik k5L, £iXF
(zp, tp) MIBERIE. $5HE, IL 5 K (b, th; Ta, ta) A T BATEZHFE R XAHER
WKL T HRIBT (za,ta) IFPEFERIE O T AR RIE. 1iF (20,t.) XMERS
G, (R HARic A B Y. TR, BRIOTREHEREBECE ¥z, ).

(Rl Sk % oA O — R R, B AR ANAT [B]_ EAH 4R S R IR A 4 A . T
&, B30 (2-31) X ETA K (zq,ta) BOLAT AL, 3 oA E0H 2B 0 T 2

w(l'b, tb) = / K(mba tba mca tc)w(mcv tc)dxC' (3_42)

XA LAY EIE AR T, B3 (2, ty) AASHERIE (B o (20,
ty)] & FE (e, te) FALEBEEREE [RI o(xe, b)) FLLH A 3 ME A 2 AL 3 0E
(B K (3, to; Te, te)], 3T . BIBTA Al REELR MBI, XTIRE, B2
205 s BB a] LA — A R B0k R, B RATIE T AT A R i — 3, {H
FUEUHIE B TR R 0 B 20 5 % ek KR, B ATTHE RE T B K — i 2 LAJR R AT BE K
A B — ). Dy Sk BT o (4 B A R i ] LA el B B R R 5% e RS .

i 3-4 BE—TABEBFLEL=00ZE46EM3hE Bk REcy
Ceire/My) {5 B F X (3-3) FI= (3-42) WEHH: 78 LLJG Ko 21, X N T H [’/ —
[ A ) 3h i (RP eR BGE I e e/ 5 o A SK), I LB B ] A9 28 fL IF T
e(T1P"/2mIt 3 TR R W B RE B p/(2m).

[57]

[58]



[59]

.44 . =T A-L4%0@ERHES

S8 3-5 KN 3-2 K45 R MR (3-42) UEFA: B R E0H 2 7 &
oy i Rm 0% B
%[ £, o

B A BT B T R
3-5 mATARSy

AL WL 13X AW BRSOy, BUAE AT BE A B FRATHRE I A — ST i
BOF B BY FATTH A 7E R L5 B0 T B BEAR A9 7.

I R B AR U R P BT A AR BAERR B E 2 £ B B B9 AR L6 B4
HAVERE SR Y. ER/ T 0%, SHY T TREE: HHERE S W
B gz o(t) REIH _KHE

T R MO e X RS IE TR, ZEEREAKBEERN TARE
EiUE AR

L = a(t)a® + b(t)dz + c(t)z® + d(t)z + e(t)z + f(2). (3-44)

Y B2 5 A R B0 P (8T R 3 s 22 () 0 I (] AR 3. SEBR b, X R E X R A%
I H B a2 A MOE S — 2 B iRs, BF ¢ TUNEE—K
IR e, A XX AT B H R A EEZR. R HFERE

K(b,a) = / " oxp [% /t t L(#,z, t)] Da(t), (3-45)

HA I 0 KA (20, ta) B (23, t0) HIBEEE.

2R, AT LU AT 22 4R 2 ) J7 ¥ R 58 X A~ i K BT A BR AR i AL, X
AN D7 B 4R X ] 43 B B B (B] T2 4. I R Z BT AT B R B T, XA
RBCRZRE ¢ Mo ) KRB FHEECR L R MR SR AT LU R, B
FERATA ZMOX A ITCR B, AR LUE S T iR 7 e @ 5 8 7 1 &
HEAFF T

L T(t) RARFTIRENHAZ MK EBERE XN BEEEARE S Mk{E
M. fElLic S, HATE H 2

Sa[b, a] = S[z(t)]. (3-46)
EATAT LA z(t) — AR y(t) KER o(t):

x(t) = Z(t) + y(1). (3-47)



35 = #T R o - 45 -

L U, FRATTBUAE A B AT RE A bR A9 BE B 2 (¢) R E B R RIS, TS
Z B MR 2 y(t) R BB A, W 3-7 Ps.

E 37 SR z(t) TR L] GEAY BRAR = (t) Z [HI A0 25 2 R y(¢). B R axX BE R A2 WA 20
B 34 [6) BE 1 3 2, AT LA y(ta) = y(ts) = 0. ZEIX ™3 55 2 (8], y(t) AT ABUTAMIER. B F
72 A2 R SE A B E Y, TR, MR o(t) MATE 2540 % M F 25 y(t) FI RS 1k, 3X
BE, TE AR R b BRI Da(t) AT AR Dy(e) AS8R, B842 z(t) AT AR Z LA 2(t) + y(2).
EXFIER P, z0) RN AR T E. M EH KA y¢) M ma RRIRE
B 3 A0 15 e 4% L4 5 i sV B R

EH—AZt, TR My Z2—F8z (SR XN TARK ¢t E EAARR
FI{E). B, 1R & 2, fE /et Rl B R s o0 T, X TR A 6 A do = dy. —
EFRATAT LLUE, Dx(t) = Dy(t).

EH RS AI LIS N

Slz(t)] = S[E(t) + y(t)]

= /:b [a(t)(é2 + 229 + %) + - - - ]dt. (3-48)

HILA AT y IR FEE, BRIHR AR SE(t)] = Sa. LHAET y —
KT B T4 Rk, 15 B B B 5 T F. T LUE i SEBR s R (B —
SHERARSY) RAE B IX — 5 AT, BROA AT E & RIE 45 R 2 I8 i, B X #it
FRAGER. R () 2 b X D2 R E 8, Wt 2100, z(¢) 2 a0 5%
9, ZETE AR FBISE T(t) IR, SR RIBISE — B, S WAk BTHTAERy
MBIl AL EN Bk, TREANATLUS H

S(x(t)] = Salb,a] + / "la(®)#? + b(t)gy + c(t)y?)dt. (3-49)

[60]
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- 46 - F=F A-LE0ERHEES

XA 5 R BARTER, BrLi kol E N

K (b, a)———e(i/h)sd[b’“]/o (exp{f-i/ [a(t)y? +b(t)yy—|—c(t)y2]dt}> Dy(t).
(3-50)
K A A 42 y(t) #BhR TIRA T y =0 M8, BT LATE I o, BE AR R4 H Gk
SRR A R X ERE, AT IE R

K(b,a)—exp( Salb, a]) F(ty, ta), (3-51)

FRKGHERRE -1t Mt, R 7 EE5ZRZR o 1z, 1
K X RTERITTELERT. NMiER, FHFELETRE A1) M et) IR
TR f) ZEPKBERBE 2B LK T.

BRI S AR B 19 & R 7 T O REAE; KB Y b B T A ] A Ll — R Oy
SE L, (B2 WA — LA T iy K R BE 58 21 58 0 201 F ik 1) it 26 H At 28 0
ko E B, AN (2-31) SRHAE.

HAEER XNT S 2 RENFIE, EMERERX K ~ exp x(iSa/h) 2K
1 8 ST Y.

W@ 3-6 T AmRFhAEEEER IREK, IE (B8 2-1)
im(zp — z4)2
2h(ty — ta)

FH I RFAEY P H AT RE 5 i 6] i 22 (66 R F(ty — ta).

K(b,a) = F(ts, ta) exp (3-52)

B 3-7 X T F Mt —HMERT AR (2-31) BAMERKE o
FEEE, M8 3-6 ML REWRE Fty —to) TUER F(t), KA ¢ 2 E E R
ty —to. WL ERK (3-52) I HXMIERXM F, HRAAKX (2-31), H F(t)
F(s) TR Ft+s), HF t =ty —te,s =t. —to. L, ZH¥ F B H

F(t) = I@), (3-53)

2mht

)57 BRI f (£) 08RG
f(t+s) = f(t)f(s). (3-54)

XA, f(t) 0E AT RER:

f(t) = exp(at), (3-55)



3-6 BIFHHIED - 4T -

Heo o fUERE, W a=a+if BIRANZHETE LGN H %, RAES 2
KT HREFt) W —£BER. &, %X (2-21) A A9 & SRR ik 25 2 1 15
—AbH B A BWRE, EMUE e B —MA fe) =1. ZMMTAERX (3-55) F4
a FTE Ft) WEiR 5 (3-3) —3.

XA R A Y, B AR AR B — SO R B S T DL B A Y, B
BEAR R BT RE R R A R R HE PR EOE — MU & B AT e &
B 45 KPR AR, 52 MR AT LSRR, ATRE R Z AR 7 XA AR
H Z AR B 1. fln, JE an R =08 A R

b d 1
m//-@Ammmammm~nAMWmemmvm> (3-56)

AE exp(Ea) ENERNEEREF, K Eg BZHFRLREK E RHRAE
ME— BRI, B JE 2.y SR M R B BT A9 B T2 B AR I A A 1] Y
PR X T HATK Z O IR 2 B AR R, EE NG R E S ER B A
TEJR T B R L b RS HHIE b, ATE 2R, WA LEEKE S
TET PR 3~ PR . 7 S5 T 2% 55 R, 2 42 R OL P 3 o A B A AR A 1) O B

3-6 FIFHMIETN

— R RS AR R E IR, K ERE S W E & A K82,
MIATE Z 45 ik B9 BREE, XX A E T, 1248 F K LI IE T exp(—iSa/h).
BLAEFR AT AT LA B TR0 SR B X AU R 8. R IR+ L 2
BTt M EA ZEERN, TERMMER 2(t) =2(t) + y(t). RIELRT
Bt V(z), BAOTATUE

Vi)=V(E@+y) =V(@)+yV'(Z)+ y;V"(E) + %31/”’(5) +---, (3-57)

Horp iR m Xt o R, R A MR A R I 2 A2 7 SR, RA y (HA M s
A SEE A, B VR R OUN 89 R, LABCIRATT AT LS % o A R B G I
LR, FRATIBSE S AR B B TUAR L, PV BT A BT AT LA 2R

FEMCIBRB T, B RB AT ARAR N y B9 AL RSB, b 7 6 S |
WAE, BT AT AR S = So +y 9 BT 7E 45 R b, HE IR exp(iSa/h),
IR, Hh Sq RESHEABENE VE). #TFXy MBASANERE, HE
e (3-50) A — B THIE . R R BAEN exp(iSa/h) 1
.

(62]



[64]

- 48 - =8 RB-LBHOERHRES

T 2 B BRAE L A1, 78 55 b — S Bl o, X 45 R R XS . B an, ok
Viz) &z B RS, Wi FER 3-57) 1 V() BAFRXFABEAERT M
B R, I, EaRE RSN, FHrEE RS T -8 K6F. EXS—1
1, % V(z) B — D EEAL A B B, #55 =r fE & S 5EE R
AN, W)L A A SRR AR RS R . FE R T e, ORI AR O
WKB iz {.

WA 55— S L, H A TR SR Y. 1R R B 0 B A 1] ] R IR R
. m— MR TFIEE N AART 2B ERE N BERES, N EsRE—1k
WOR MBS B BE (O T REFE A% KBS [R] (] R P E ) AR A SR ] B R ). A
A0 14 Bl BE I b3k A K 3 BE 1S O, 1 & A & 3 BUIE e T axX A4S 3h RE 3fe LA i
V¥r) (2] o (D3 32 %) - 3 LA B ] ] ) f) — 0. X b B A2 9 ME FH SR K, 3F B
A 5 T A 40 AR AR R R AR AL B AR K I A8, 7EXFREIE Hh, B8 & V()
J 1 =X b G R 0 R A B .

B 3-8 iE¥RTHIRIAE I H &

2

L= %i‘g - m;” 22, (3-58)
WEH R 13 1915 46 7 & (2 /R 2-2)
K = F(T)exp {%[(mg + z2) coswT — 2;1;bza]} , (3-59)

KT =t,—t,. BE, HFRH F(T) 0 BXIFEA S . FHHAM %
WA E, HEX TiERT, B2 (BAE 3-11)

F(T) = (%)W. (3-60)
i@ 3-9 WHIEEEIG fhisshkbF iR, Kb e RN
L= %aﬁ + fa. (3-61)
g
% = (2n7ir;LT) Hew {% [m(wbx_r%)z + fT(xszr el 217;} } (9-02)
HP T =t,—t,.

B 3-10° 1 » J7 [ b AERE B SN iz Bl iR F Al LT e, TR
m, HRIA% B H R

m,. . . B, .
L= 5(392 + 9%+ %) + 62—c(£y — Ty). (3-63)



3-6 BiIFHRMIEH . 49 .

WEH: TR B e 4 12

- (2;17;17’)3/2 (sm‘ﬂiz)) exp {% [(Zb :_an)z

w/2 )
+ (tan(wT/Q)) [(:L‘b_a;ct)2 + (yb—ya) ] —I-W(ybxa—xbya)] } s (3—64)

HP T=t,—t,,w=eB/me.

B 3—-11 R M)A 3-8 IR T8 A 1 f(¢) WK Eh, HAMs B E &N

2
L= %j;? . mszz + f(t). (3-65)

ER: PTG HIE R TR (T =ty — ta)

N mw iS
~\ 2nihsineT P R )

mw
2sinwT

2%/ f(t)sinw(t —t,) dt+

Se1 = [( 2+ 22) coswT — 2z,

2z,

mw

/ f@t)sinw(t, — t)dt
mzw? /tb / F(t)f(s)sinw(ty, — t)sinw(s — ta)dsdt] (3-66)

EAX-HGREFZHARAETEEEE. AR TR NEPETE
FROR 0, IR A LB 39 AT LA 3ROR O — 41 32 38 1 iR T

B 3-12 #—MERTF IR (fE t =0 i) &

Y(z,0) = exp {—2—;@ - a)2} , (3-67)

)7 2 (3-42) F(a) B8 3-8 A9 45 5 Uk BY:

& .
Y(z,T) = exp {—% - 772_7,_21[2: — 2aze T 4 2 cos(wT)e_“"T]} , (3-68)

R R (9]

[65]



[66]

50+ £SE A EREERES
37 BTERE®

BiE—REHAILTHBE. i ﬁ’%ﬁﬂﬁﬁ??ﬁ?Tmf (3-25) WIEE R,
X B, KPS o(t) R LA LirmA R 2 —

FATI—1E =4 =S [A] EF'LZJJE"J#??E}J% M. AR A ER =
A ERB (t). y(t) T o2(t) BaRE. 2EFIR UL, B dokl 7 8E &R

T |62 + 02 + 207
la
TERF 2] t, AR (Ta, Yar 2a) A, FE ty B ZIBIE R AT (20, U6, 20) BIFETRTIE

K(.’Eb, Yo, 2b,y tb: Za)Yar2as ta)

_ /  exp { % [ t T +92(0) + Zz(t)]dt} Da(t)Dy(t)D2(t). (3-69)

o 5 VE Da(t)Dy(t)Dz(t). BB 43 B 22 /N a1 B8 e, 7ERT % t; H@{QEEEE
AR @,y 2 SRE, TR KT A A B dr; | dy; | dzs GF FEA §) B9 E R
(2-22) —HER N, (B —Me i, = FRA17E S =M R & « T8, NE—
M AT Ao, FE AT —A 4, RATAT LR ENIN RS E Dox.)
0 e R (2-22), W AE 45 4Bt [a] f) B o, b AR B s ARALFE T —
e A [0 (2-21)). X#E, IR -ad e B BRI S A KN e B N, B4
Mot SRE&HF A3V,
HIEILNZRE 7 —FMEEEWIHEERN RS BRIR—REHE
BN m R F A, AR R o, T 5 — D RGEHEE N M SR T4, Ak
ok X RIEXFHDRGEE LR Ve, X) MEER. T, FS30IERERE

Sl (t), X (t ]—/b [TQ"' ;2 %XZ-V(x X)J dt} (3-70)

P, 1% #% 72
K (zp; Xosty; Bay Xasta) = / / exp{ x(t), X ( t)]}D:z: (tH)DX(t) (3-71)

AT DA fif i R 5K (2-25) TE 8% B 3XRE, AATTWT A% R e H A
G —HE AR AR (o, X) 25 ] — S A2 3. SR, 25 5 T A 19 2 e A B L4
ERRARRHNDERRFHZE, ENNLRSIHE M X, TR K&

@ R. P. Feynman, Space-time Approach to Non-relativistic Quantum Mechanics, Rev. Mod.
Phys., vol. 20, no. 2, p. 371, 1948.




3-8 AISERS - 5L-

B A m BT B 25 5 (20, 0) BIIK (2, ) TR M BTRLF A (Xa,ta)
Bk (X, ty) HIAEAE0R. Iﬂl&:, 1% 1% 2 BT TEE A1 4% A S a3 2Z (8] 89 fT 47
AT REEAE b A ME R 2 RN X TR — AR RE B B AR AL S [BD 2(0) A X (2)
PAEE T, BRI R exp(iS/h), i § 2K (3-70) & X MEA&. ot b, i
RS WM ST SR 2 (t) F0 X () B9IZ eR, T AR A3 0 B S AT AR BR

38 RAINBERS

R FATH —Fh G, Hod A PSR 07— 4k 5 2 4k 23 A h iz af. &
R o MEE X 53R REDRF B4R, B4 E—3IRFE, ,\Kttf‘}lifﬁt
¥ R Y 2 3] =475 6], nl B4 X REAYE O, A 453 2 A9 4 A4 nT L4 i e
i

Slz, X] = Su[x] + Sx[X], (3-72)
H 5, REEHE x(t), 1 Sx RESFHE X(t). XHMER R FRAHE
1EFH S TE.

TEXFE O T, 8 F A8 5 T ™ A F i e Bl

K’(mbv th tb; Tq, Xa.y ta)

- /a ' /a ’ exp { %[S’I[m] + Sx [X]]} D3z(t)D3 X (t)

_ /a"exp{%sz[wl}m(t) / bexp{%sx[X]}WX(t)

= K, (b, ty; Ta, ta) Kx (X, to; Xa, ta), (3-73)

Hop K, J2 AR o BB T AR A3 O BE R 08, Kx 5 SCEBL H i,
FERE WAL AMEAEHRENHER S, GFEEREN—DF 0%
TP BN AL 1 T R B X S AL 8 TR R T E R R P AT
A BB 4 S T A B Y.

FERE ILALT Y, a5 A A 4 7 280l i B 3 07 20K 5 il oR
By, X, - t). LERBEN: FEMNZ ¢, — MR FES o &b, H—FEHE X &b
S5O BORE R R, B R BT R T R R R, BIZE A o b R AR B —
BT, MAERl X AL RBUE 55— R 5%, E— W0 TR (3-42)
A] LA B AT

it) =
//~--K(x, e\ X e, X )3 A3 X (3-T4)

(67]
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- 52 - F=E A-LHHERER

Hep do’ BIFEMTRM, KM BHES o =B LIR—HZ.

FER AR F RO, HoAe bR 518 = F1 X, IE 40 b prad Y, HoA%
BF KRt —TREE X Mt 05— REHTRB. R, — B I
ARRE  RXFHRBA FERREL T, HTEFLFFER [, © 2 o K— 7K
BES X M5 - RBHER (v = f(x)g(X)), WELUGRERIF ML HH
&R 7 K R WK T #ris 3h, B, 84 B 5 450X 5 0 & Gt S A7
TE i — B AR, Aad X R — R R 0. X2 i TR BLAE B Sz 9, I A
EWEENMNSBMSLN. Wil ZAEMHLEN, TRERE © AR
L AR

B e JF A br R, ME I S WA R N R e, B9 A —fl A2
o (AN B0 AN B AL AR A SR (S AT 4P ES. BN TER F M s 2k
{5 F B9/ RO A R, B UL ] BE R 28 31 2R 42 70 B B9 28 8t 22 70 B A L 19
BT HERG XH, 20 BEE TAERN B LUEEER T ¥+
BAT. IMEREEFERN SARRGRBAELIR. AR 53—
A5 2% [ 3L FR7 A DA LA ] B ) 7] L

39 fEAZEMNBERS
24 1 B 4 — A~ A 05 B 7 SUOR T R 5 8 25 BB, SM47 40 30— A2 3

HRMERY. AT S Al DL T X R O — 2T ol BUAE R AT A —
A it # AT B AE AR KRB TR, B (3-71) 4 M 46+, T LA S P40 b

EEE M
K(b,a) = /ab/abexp{}ii/:b %a‘:zdt+ %[b %X"’dt
—% t:b Viz, X, t)dt} Dz(t)DX (t) (3-75)
B, BERN RN BE X(t) M. SRTUERBE K
K(b,a) = / bexp{}ii /ttb %:‘szt} Tlz(8)|Dx(t) (3-76)
Hrp
T[z(t)] = /a bexp { % /ttb [%XZ —V(z, X, t)J dt} DX (t) (3-77)

XL RM TR AMEE BE X R FARANEREROBS AT
—MZEAT. Z RN HAE S HE R — 2 8RB X, B, ghek T i



3-10 MFH5IERFHEEIER . 53 -

T L [ 2% ) — AN 1Z B A:/f(y)dy. HTBEIE, W (18 BALHE

B, AT EZ RS R Alf(y)], B A SR f(y) AR RINASR A(f(y),
RS, 0 LA S 5 R B iR B A R BB T fEREAEE A y
B (E. (03X B AR XA G 0L, A[f(y)] BUk TR f(y) MEBENER, BES5 v 5%
eIK.

R (3-77) E AT RE X R FHERV ERT, 7 558 X, M X, 2
3 AR . X BT o X B REEIRY X B, o BUE E A
mitE kA, BrLL BEREY o M FIERFERIL ZE 3 X hFr#. B X
MERE T SFEFEME 2(t) X, Bk, RITEEE K «(t) WiZE. T
W TS o(t) B8 AT 158 B LA B AYIZ oR Xt BT A BR AR oK 0, @45
B TR R .

BORE, QT AT H A1 I —FF, MR RIE K 2 40 M B ARE R I B . 53K 1 M
W A g — A SO /N PSR R A . A ai— A B RIE T, B R Y
z ARERIB I, X B A4 Mma Z R RIE F— 1T EE5EN
)z R MR B B SR AR il B o () BT A AT BE B SR AN, 152 b
RS RAREEN, A S T — & T30 200 FE A JF I, X A4
RS ATAE S5 W — R BT,

MR, BRAERT T o(t) B9 AT BEME W] AESS PR S R T B4y (Tt B
B BT E), BWERH EARTEEALREM. EMRMNELEFIN BF
(A8 3-11), — M HEH A TE L Hoh X iR 7 X2 — PN EH EE NN
. Hetnid, Sk 5 i H B AE AR, kR — R T

3-10 MFH5ERFHEEER

FEADHRE B A0 % R T SR T A EAE R, 4z RORKLF I ALRR, X
R bR FERE AT LIS R

ty

Sla, X] = Sola] + [ " g@t), ) X ()dt + /t TR -wxd, (378)

Horp So BB A Ik 7R F B/ & 76 B AT, 34T B X A E
BEXTRL T A iR TR R X MBE —RAVER. z 9B 3 i BEth T AA7E—
TUE = Mt FREFH AL B, ERR S iTLL R

Sola] = /t . [%ﬁ - V(a:,t)] dt. (3-79)
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X (3-78) P —IRAA T ERFEMEAEM. EE, XHEF X —
W7, BAXE X FIMRH S TR A S ok o am PR R 35 A 3R it T B, BT
DU L 4> B AR W 5 4. AT LAIFR R B g ARES R B 2(t) WRHR
CHBHRRERT, HERTRSHMERW () AKX FyEAN HAETE
fil iy 53 B & — AR A, 18 g R IRIERE R FFAEE. X (3-78) P HI&R /G — T
MRERFRMAENROERR FHE5% _HHE, X @77 PHRET
E

Tle(t) = / e {% /t ;b [g(z(t), DX (1) + %(X? _ w2X2)] dt} DX(t). (3-80)

B X Mig, X AME0IERZHERTOH. B g(a(t),t) 2 ¢
() S-SR SRR, L ANUE f(¢). SXBE, MBS AR BT 5 1 3-11 R IR —E, 1
A g(a(t),t) RET f(t), A (X, Xo) 1B TR MR T RARME (23, 24).

9 T 200 A, I ik 2k AT R R R4k, B AT — RIS B, I il
& THED B AR T B AR TE SR A, B Xy = X, = 0 (— M TR FAE R 53 kb 7). T
SRR 311, ZEXFE AT,

o (Mo L i
— \ 2niksinwT P AMw sinwT
iy t
x/ /g(m(t),t)g(m(s),s)sinw(tb—t)sinw(s—ta)dsdt}. (3-81)
ta Jta

W, AT T K15 3% 1 LS B

Mw Y2 b i 1
il <2nihsian) % /a exp{ﬁ [So[z] - MwsinwT (3-82)

% [ /tt g(2(t), )g(x(s), s) sinw(ty — t) sinw(s—ta)dsdtJ}Da:(t),

PLEHE R X, M1 X, B2 (H B &R %) iRkt

ERENZSrgd e RaEERNESR RAF LG JLE # &6
BRI T AT —FRER T B8, XMNBER 08 & B0
MR A exp(iS/h) WL, (BEIERN S AHRE ¢,2 Mt (R, MERSE
TAEPAAE B2 s F1 ¢ 8 CHAE B R T F, AR sk 22 97 7. Fr LA
XA MO T AT — B 2] A AE B o X IR A B R, IR AR T — B %) Rt ok
R x. A 0] REE AT I R B (z, t) KB ARBLTIERE —FERZ) ¢ 7 T3
—FFEALE o MR, XA LR IE R B L4k S8 208k, A R ZE AR far Bt
200, NATTER A 23 R T R F 24 ARG A .



3-11 AEBMEEINBERSKE .55 -
3-11 ABEMABIERERIKE

% R R T (R P R AR (a1 3-8); B LR

K(b,a) = /a ' (exp { ili /t :b [%(;'c? - w2x2)dt] }) Da(t). (3-83)

AT 3-5 FFEYJTIE, XA BEAR B4 T LA 24 4k R 1 ek B TR A, AR AE ()
W3-8 —H. XL EERN D5 RFHEBHER X iR
(3-59) & th. T AR~ R %R 5 ik (8] 6] R A o, 2 723K (3-60) T E Ik T.
J5 — BRBGE AT 5

0 . T
F(T) = /0 {exp [iil/o %(y2 - w2y2)dtJ } Dy(t). (3-84)

AT — RO sk e, ELRIRE N5 o BXME T, 3 LUk E R AL
BR B A2 B3 09 55— Fh O SR BIE. R W BT A B2 y(e) HBAN ¢ = 0 BFZI 4 0 4
HIF t =T BRI 0 &, TR, XAEEET LIS A ZAR I T 80 E%

. nmt
y(t) = zn: i S0~ (3-85)

P, TR AL F 0 220 ¢, #F AT LUSE B AR 2 R a, WO BRBUTT ANAE R o
RIPRZR. X JE— R, HEBRTIIA J-RMEE, B8RS w.om. b k.

MR, AT LABHESR J B9ME. SR, ok IR AT XS T SR AR A 1) G, ik A
FrAi 5 w BRI T (4 J) #IE I B — % B F. B ATE 0T LLAE S5 dmt
PR XA IE#R 0 H 7, PARATAGE, w =0 B, BMER F(T) = \/m/2nihT
(—~H B KL T).

YE R B0 LS5 BT AR08 B G B (3-85) 5 sk, X BE, B RE AR IR

T o oo 7y
m .2 m ni mim nit nat
— dt = _22__ i i
2/0?! 2n= =TT /OcosTco Tdt
mT nmx
=332(7 ) e (3-86)

Je ALl Hl, kIR

mw 9 mw? T
5 /0 dt = = 2; . (3-87)
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BB ) T 504 KR e i3S BlE) B8, BT X (2-19) B IRAE, 1A
MR H a, BN RARM, FEXFEE T, B2 A8

b [ (o )

da1 da2 daN
X (3-88)
B k73 16 BORT LA 43 B 2 B F, BT AT A4S BB a, BORRG3FT LA A3JF R Al
hZ—HERE

~1/2

o imT (n?n? L\ L]\ dan [ 2 V2 (p2n2
[ feolmz ()]} 5= (@) ()
(73]  HiMm, EEBRSTIERT

N 2.9 —-1/2 N 9 o\ —1/2 N 22\ —1/2
I(=-<) -I(%=) H(-%) - 6o
n=1 n=1 n=1
F— MG w TR, AL E 542 8 R BT 2L H A A 75 5—
AU B A ETH N — oo I (H1% € — 0 BF) BUBBR Y [(sinwT)/wT]~1/2.
T,

(3-89)

(3-91)

sinwT ~ /2
o (27) "
HpCcHwkX HEY w=00, RIOHASE— B TS, XNT
B, BB &K 3

1/2
1= () o
L, xR T, #ATA
mw 1/2
FT)= (2nihsian) ’ (3-93)

HEWKERARK (3-59), 7] 15 3] 52 .

BRE 3-13 R B PrA R R UM, X R, 4 N BT ER KN, £k R
BAT3I T R

J(%> (j_i)uwn/z (INI %) 51 %4 N — oo (3-94)



EE

EFNFHEEE]

e

-+
'H

ae

Z U, AT i B BRT X (3-82)] MBI REBCEEMER
8, AR RA TR

S[b,a] = S[b,c| + S[e, a. (4-1)

XA AR B0 AT LA BY T BB AT HE S ok — SRR A O R A TR A A, R AT
R E (i (2-31)) Mg =% [FlanX (3-42) hELF/FFIX — 5.

BT 8 B ik R T AR AR R AT BE M R B T T R R T o,
fAEXF Al REYE, FAFLE XERAMMBEHRTEN T XK. JLPET—
MO, KU T REHEETBERER DAY, BT 2R RIER
et f Rt R X AR PO TR, ERRCNBEE S TR X B, AN R K AKX
A& &, XA TR RO KRB Tk x40 #2, W H A&
1% BREOE L AR M5 & M I I T X L.

EX—FE RIMAWDEMN: (1) X FEEXOEFI¥NEE, RITH
H b J2 4 B A2 B 19 2R 7R T 3K 5 4 E SRR AT OB o BB 4R 3] 4 1) ) R s T X
HR AR, (EA5 52 o] LAGRSEA ST AR L $3, I H2# S A IR A R 5 2 (8] 5K ]
BVE. (2) X T EESOBAR B BB, X — TR R —Fh I, X R T E]
LA — 5 28 BY 1) e A R0 e 8 e o0 5 . R F 1) 2 0 R 1 R T B X
Fe 19, FATTHE 1 IF B AR X — A

@ #il a1, Z%& L. L. Schiff, Quantum Mechanics, 2d ed., McGraw-Hill, New York, 1955.
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4-1 BETERHE

oA BRERX RMTUEL MO T RMEEEXRNL (4-1) T
a. b, c WAEfT{EARZ IERG . F4n: 2] ¢, Al LR H ¢t K— BeIC IR/ B R]
€. XL FRAT AT LA — A 2 e A AR 2 B9 1E -5 R R I 2 B R R R R H
A7 A, BATHBERAT B AR B9 B T AR

‘ME &K, 1R (4-1) B—A R, FATAT LUE X — B R T
H¥EAT A, 25X

¢($b,tb)=/ K (2, t; Tay ta)P(Ta, te)dz,, (4-2)

BT to B 200 0 P R AR th oo B 20 A I eR AR O T 3RAS BT S 4R 1 o O AR,
HATHG XA FR N T —FhRFERAE O, oot 2 ¢, U582 ¢, 25— TR/
[P e BHEF K(2,1) IEHT ¢, Bl ¢, WRRMIEMNES i/h WRBATIEE X
TR e, (FHREEMET ¢ RUXBHBHIHPHE TR FHS5RK
(2-34) AHE AL, FATH

[ i -
vt =g [ ew{ier (LD bvwoa. @y

EATKEIEEH TR FE % Ve, t) P KRB, XN, L =
mz?/2 — V(z,t). EXFEFL, X (4-3)

W t+e) = A/ {1m:c—y)2}

xexp{—ﬁeV (I;y,t)}w(y,t)dy. (4-4)

i (z—y)? e WIS - NHEHFHEHE D, BR, Ry 5 2 Z R0 28, N

XARARK, XY y LA, 8B eRECE H R iR 5. XX AN B F i Ik 5

Xty BB — B R /ANRE (T HAEF R ER). 02 y 2T «

B GX B e R fh 3 2292, ANTA BB EE M k. i FXDEE, AL
By =z +n T RA nR/NEA BB 09 B E 5Tk RATEE]

1 [ imn?
¢(x,t+e>—z/_wexp{ Qhe}

X exp {—%EV (a: + g, t> } Y(x + n,t)dn. (4-5)

o JE /eh/m B, B — A48 B AR AL sOAE S — IR R, R, B
Ko sTBOR PR T XA B 7 AL
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FATAT LK o BT RERE. NFRE ¢« ERMIT. XERERE n W
T T eV[(z + n)/2,t]) FTLAR €V (x,t) AVF, BN HARZMIBYEL € B .
B AN e ME—, BITADE e (EE— & n 85 B, 3153

Ve +EE‘A/ { }
oy n* oy

x [1 - EeV(m,t):l { (2:8) + 15— + ?W] dn.  (4-6)

A RATHCE 2 B 0, HAVREE o(x,t) Fe LA

1 [ imn? 1 /2mihe />
Z/_ooexp{ She }dn_z( — ) : (4-7)

FEEEDBAVEF vz, t). I TIRIE e T FH0 PRI B —3, Bk A, 6
K (4-7) P EREXET L RN,

N 1/2
4 (2mhe> ’ (4-8)

m

EWMENFEFINOIME [ZEX (2-21)) IWREAEEHEBE P, KR A
B —D k. AR A TN ETY « RIE. BN, 7R 1 HER S,
M oe TR RBRA L.

TR (4-6) A3, Fe] w20 WA TR 43

1 [ imn?
—A—‘/—wnexp{l?}; }dnzO (4-9)
1 ,
1 f* , imn _ ihe
Z/_oon exp{ e }dn— = (4-10)
S (4-6) mAM, 5
81,/1 IFLe 621/1

A R J7 R

8tk
W (4-11) Bl e B — B R XT A, XFF B F— 4 iz 5h (A, 2 (4-12) IF 2B E i
JrRE. FHRIAE Y 7 AT DAAS 3 % 0 F 58 A 44450 T 9 5 2, 40 F T a) B8 AT B
AR AE.

L. [—h—zazw +V(z,t) ] (4-12)
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- 60 - EME BEFhEMETIEMA

BEE 4-1 UEH: X F—ANEZGER Ve, t) TSR T, B RE

P

ot h
AN R RS VS AE 1925 SER B, FEH B RR T B FIFERREMN
Hb.

d@t) i [_%vw(m,t) V(@ (1)) (4-13)

= RS W R N T TR G D7 N i b= W b - 3 N Sl o il g I 2
AL TR S

oy _ 1 _
= =—zHY, (4-14)

Hh H P ARER D, TRRR —ERAE  EREARF, F8 0  EIE A
filan, e (4-12) o, XANERFE

n2 92

H=—p—sm+V(z,1) (4-15)

XA REPBE SRR, LS - EAENLE 1B
25, Wy RS, Bl (4-15) MfAF 5 &M R K

B2 3*f(z)

o B2 + Viz,t)f(z) (4-16)

Hf(z) =
AT & R A f #B AT
ERE 4-2 — R TERS R, KA HRE

L="a%+ g:v - Az, t) — ed(a, 1), (4-17)

Hp @ R ERE; e ZRAM; ¢ BOGHE, A M ¢ ERE MRS, UEH: MK
¥ E 75 1 AR 2

op i1 (h e h e
T2, w R R
1{=_i_<EV—-5A)-(Zv-fA)+e¢. (4-19)
2m \ i c i c

Bl 4-3 B ¢ PR I AR AR —i, B4 B LY R B o, JIE B ot

i 2 s
1 *

W = +E(H¢) . (4_20)
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BT ILABTFE R AR AR & X i, BTz WEEEM o« 7,
B2 HERRA 2T EFVE) @ MEIEH MERE-A V() & &
% 0)0r W B EX « MIRMET ov/ozr FE.

# A B #ERM, WHERF AB BB, HA15EH B, BH A%
H, B ABy BB R A(By). T2, BlinEFRF 2(0/0x) WEE R z Felk 01 /0x.
F—77 i, B (0/02)r MEEEX 2 B = B4R, B

s, _ oy
a—w(:m/)) = wa—z + .
EATER, fE— RGO, B AB 585 BA IR
TATHE— BB —AHW, B A+ BYERTE v LBH Ay + By, X
e LA A+ B. Fildn, b1y el LS BT 7 i

0 0
%I_x%+l’ (4-21)

HE SR XEERE f A (0/0x)cf = x(0/0z)f + f.

& 4-4 UEH 8 » 5
B, X+ (4-15) H 0 H A
h? 0
Hxy —zH = o (4-23)
G EF AP REFHXLE FHFS.
EETFHEEEARE 1 KObo BEEARE b MR AAERE— I
Bk B I eREC (RIXT N T o FF 6 ORLF A D BR ), TRATTE B, K0 200t 196 A2 R

SEVE R XRE, W TR (4-15) HORBITEBL (6 > t,),

a i h? 62
— e, TAllH 5 .
B_K(baa) = _leK(b) a‘)a % ty > ta, (4_25)
ty h

HoBF Hy REfEARE b L.
B 4-5 fHHXEZR

K(b,a) = /_ h K (b, e)K (¢, a)dz. (4-26)
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PAB te —ta = € R—RFR/NE, IEW: 35 ¢ KT to, MALHET K 2
d
Oty

ﬁqj Ha EVE%?@% a.

K (b,a) = +5 HiK(b,a), (4-27)

X (4-25) FEE B E L RE K(b,a) IXH ty, > t, AAENL Y
ty < to B, XeREEAE L. Bty <ty B, EX K(b,a) FTEXEUENT
fE (nEERF) i RAR K. (X DE, Flan, & (4-2) LY t, > t, BT A
T % A,

Kb,a)=0 Hty<t, (4-28)
BAR, Mty < t, B, X (4-25) B (MR, XBXAK, BAXE K =0). {2
5 XN HRRIE ty =t, MAWSE, BHH b, =t, B, K(b,a) NEELE.

BB 4-6 UEBH: X4 ¢, — t, + 0 BT,

K(b,a) — &(xp — x4).

i) 4-6 FUSS R AT LAE B, K X ¢, B9 S8 B a1 A & bR TR LA i
d(zp — za) 15 EI M BRER = . I, K(b,a) W2
0

g K(b,a) = -%be(b, a) + 8(zp — 24)8(ty — to). (4-29)

1A T o, MR R S R A S L, T4 R
(4-29) fnik A &A% (4-28) AT LA R E X K(b,a). BER, & K(b,a) EREE ST
R ) — e b o .
BRI 5 (4-15) % H 000 S0 R ELA — 1 B R, 25 7 A
g ST REAE T 97 AL T W I 1 5,
| Hrsaa= [ g g (4-30)

BRI A T, A NRINA HERT g OBR He), B BOLYE, H25
RILL f, FEX A2 R R ARSI H T g 05 SO F AU
L5 R, Bt B4 /(Hg) fow (B SR ERALY), 25 5 F W i 2 X .
KA (4-15) 967, X (4-30) AR
2’_‘; d2 - 2 fdz + /_ Z Vo' fdz (4-31)
h? dg LAF]T R e &
T om [ dz] e 2m ) g dz?

—=dz + / Vg*fdz
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(FIR AR A4Y). %5 f M g e RS m AL FEF)E, WA M %EFTF, il
(4-30) 7. HARX (4-30) AHMERNWEFRAEKER. EE T FH BT
R B A AR T 1 g [ = i UG e o w11 4 O =R O =R 4
— YA B o MR R & TR R G AR B AR A (JRAN).

HA g #WET oz, t) WG

/ (H)*pda = / ¥ (Hy)dz, (4-32)

Y W RS IT R (4-14), W] B304

(w* d * _ x
—ydz /¢ a(/zpzpou;)_o. (4-33)

SO i, /w*wdx B SRR AR RE £y B

BT —fe i, W oy BAE o A IRBVRLFAHER; T2, XA A8 AT H 5
WHRK TR R, BR—ER (AR 1), FERWE MR, s ML sy
FET &, o T AT LML BB, I AR — . W ¢y LI A F B AR
J7, B X AN B BT

Y* B R R R X T ERATE X oy ABERIEREARAENE L. H
TE3E T M-S, X R, 57 t, B % f 2 B R AR, I AE ¢, B 2B A RIFER
B . B

v = [ "~ K(b,a)()dza, (4-34)

)
/ D (b)(b)day = / £*(a)f(a)dza (4-35)

a4
/OO /DO /oo K*(b; ), ta) K (b; Ta, to) f*(z),) f(20)dzodxldzy
- /_ F*(z0)f(za)dza. (4-36)
XA £, EXHERSE, AT AH

/ K*(b; 2}, to) K (b; 2o, ta)dzy = 8(z), — 4). (4-37)

1 Lo

LR, A T o MBI MR IE. M T A% E R (4-37). RINEL
FHRE 215 O R il 73k a5 BB S S0 K I 3 3 R0 S TIE B 3 8 R L At R
(B (4-38) AN 4-7) L3 3 43 75 R RETIE B AT REE 4P L. 4R X BEfK
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R BB, (HIE S A S B IE S XA R X R R LM R T, Af]a] LA
FAEN T A BAE A (4-37): AT A BB FER exp(ieL/h) B EI/NAIRE ty, = to + ¢
B (4-37). BB, MERE 2K (4-37). FAHABERTAHEE TS
AT Z AR, FELE L, W ¢ 8 K MXRAHSARE M.

i K(c,a) iR (4-37) X} z. B4y, v LLUEHR:

/ " K (b, 0)K (b, a)dzy = K(c, ), (4-38)

et >, > 1, BHE /K(b, K (¢, a)dze = K(b, a) . FATATH TR

AHRE AN KR H t, BZH K, K(c,a) 5T HIGu %) t. R RIE £
A A A5 B 5 B 20 ¢, MOMESRIE, W AT LRG3 K (b, o) RMBIX A 5
— T, & Bt B FBERIE, RATA EE L ERBERZ t.(< ty) BT RIE,
WAy A% B X (4-38) FH RS K*(b,c) R BT, HIk, FATAT LA, K*(b,c)
B T K(c,b) BIFEH.

B 4-7 UERA: /K*(b, a)K (b,c)dzy, = K*(c,a), Hi t, > t. > t,.

42 SHELXZXNEEZENME

FHERBNES WMEWE H 50 E J6 60 R 3R O SL PR 2R
HER. XN TEHER S AR & SHEA RIHHEE; BF i A fv
AE t FEXFEOL, 1237 T A 0] B85 4 X B A) A O, M0 2 B JE] (R B ¢, — o
A9 BRER. BR T XSS 5K, T oR BEOR I ) 4 A 9 o 4

MAMDP T EREAEDBEHRFEH AGR HEEE B 4-14) HE, &
AR ¢ = o(z) f(t) TER BV R, 3R — > H & i (8] (0 of B0 LA — A~ R &
BEERH. BHAARER TR, 5

9(@)f'(t) = 7 [Ho(@)]£(1 (4-39)

. F'(t) _ i He(x)

F© " TR 6@

WXEHNE z XK, MARE t TX BEENREHEE WHALESER ¢

AR o BRI FAMUARER RONHEXEHN —(/WE. TR

f'=—(G/REf B f = foexp x(—iEt/h), 33 I — MEE W B H T. Xt H4F
LRy 2w

(4-40)

Y(z,t) = p(z)e(/MEL (4-41)
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H o(z) W /2
Hé = Ed. (4-42)

LR 5, Xt s A AR, U R LA AT R AR . AT DL, D R BUHR 3  AR
7E 2 iy B8 b AR N T AR T DAFRATT AT LA, 244 3 R B0 i s ) SR, R
BAWERR E. XTF E & —ME, LA B AR R E K ¢(z) [
(4-42) By — 1 fif).

—ARFIE o AR R B R (x) BT, BD [(2)?. B FX
(4-41), 2T |p(z) (2, I H 50 R TG 36, BIFEAF AT H 75 4% BB 7 A9 HE R 15 1) 1]
Todk. fEXFAEGOLT, AT R G4 FROEDR, FT R E &84 3 46 o e (] A9
o B K A AR Ak

XAME O 5 A HE R DA SR AR X T RATE R B & E RN,
IR 5E 4 AN BERA SE At (8], X 5 T R BUAE — B, Ab T R A R R M T 4
o 5 Bt 18] G 26, BT AR AT Bt 200 % 77 #8811 LA 45 3 ] 4 45 1.

B By BR—A A REEEER, W T8, HE (4-42) i ¢1(x); B2 BH—
MRERE, Xt T B, B (4-42) A5 — D ¢o(z). XHE, BATHE THEEE Y
1 AR A, B

Pi(z, 1) = ¢y (z)e” (/M B

i
ho(x,t) = o(x)e™ (/MEL, (4-43)

W B 15 U7 AR R AP 9, BAR, B REMM, W oy LREMM. JEE, #
P RE R, o SRERRE, W ¢ 5 g WAEEERN— T 28, B

P(z,t) = er1¢h1 (z)e” /MEL 4 oy (z)e™ (/M Eat (4-44)

2 B 5E 75 07 2 K A
FE L, TLGIEM: 5 AIE T E B BTA AT REE S HAH R0 B8 o(), Wy
T2 (4-14) BUEATHE o (x,t) # AT LS BOX 207 58 RE B AT M R4 &
IEANFATHE N 4-1 UL 89, 7EAEfTHT7, b T A BB R B W 8. it
e1 ey Bft AfH, X— K BRIEFE, Hk, B ¢, t) B (4-44), RATHE

/ Yrpdr = chey / @} prdx + cfeget (/M (Er—Ea)t / ¢t podz
+ercge” (/RE Byt / $193dz + e / ¢3doda.  (4-45)

P E N4 25 R0 5E 2 3 8 B, 3 F e 1 e B9 BT AT B A9 X6 HE, B[R]
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IR (BN exp[+(i/h)(E1 — Eo)t] HOTR) A AE. XEWKE,

| s@a@a= [ " $1(@)¢3(x)dz = 0. (4-46)

TR B2 f() R glz) REW R /f*(:c)g(:z:)dw — 0, RITHENRER
{9, B RE, 2 (4-46) BB AERER ) OPEIR S 2 1E A2 0.

I T R AT 2 / F(@)g(e)de HHRERME X, FHHED, 3 (4-46)
EAT TR B BT RR By [0 RSO veexpiEth)o],
W% BT A 57— R FARER B B3 EECH vs — exp(—iEat/R)da] 1% i 0
R,

Bl 4-8 W H BEAKNX —FLIEY, £ BEB[ERX (4-30) ik
f=9=9]

Bl 4-9 h H BJEXKMX —FLIEM, K (4-46) B [7ERX (4-30)
1 f=d2,9=¢1.]

ESEYMEMAS RRMNT—4HER B, 09 R EAUEIERH, i
H ZH—4ewy, BRHEE T R N d = MRS 5F 1 FREINES

/_ "~ 62(2)bm (@)dT = Summ, (4-47)

Ho 8pm BTN IS, EMELR: BnEtEm i, 8y =0; T H n=m
if, 8nm = 1. R KB ARIR N oo (2) BORMELL A REHIE, o LIVE R
U R B0H) AT A0 R BOHR RE 45 i R R, B

f(@) =) angn(). (4-48)
n=1

W 0, BHBE, 6 (c) RHE (448) WATBELT 2 B4,
B4 )
[ on@f@io =30 [ gn@on@z=an @19
- n=1 =00
b,
a= [ 6@ (4-50)

TR, BTAESEX
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f@) =Y onlz) f " W) )dy

[ @]

= /_ ” [ ¢n(r)¢;(y)J f(y)dy. (4-51)
R IR 72 & B %K, 3% 72 B
Sz —y) =Y _ ¢n(@)}(¥)- (4-52)

AT LA X R B g (z) FIBERAE B, RAefET K(b,a). BATEL TR
FIERMBOXFE. IERATR M EE: HEC R f(z) B2 ¢, #3RE, T4t
Z) ty, BT R BURA A WE? FEAEfIR 2] ¢ #RA] LU EE h

Y(x, t) = Z cne_(i/h)E"tq’)n(x), (4-53)
n=1

BB REEIS FRNM FETERTTUE RXMERL. BRENZ t,,
®B1H

f(fl’,') = Y(z, ta) = Z c‘ne_(i/ﬁ)Entaén (x) = Z an¢n(x), (4*54)
n=1

n=1

H AT ST AR (4-48) MR FE R f(z), FrAFKITESR)

Cn = apet (/M) Enta (4-55)

fRARK (4-53), &
Y(@,t) = ) cae”/MEBG, (z) = 3 "o W/MEnltadgy (2).  (4-56)
n=1 n=1

X T R2E an, MK (4-50), 15

Vlath) = 3 dul@e B [ g1 ) 1)y
n=1 —co

= [ Y @M fghay. ()
X n=1

BR X AKX F B 6 BB R f(z) SERPGE T B2 to B0 B s %K. LA
ATRATE H FARR T X —XF:

b ts) = /_ " Kty g, ta) f(y)dy. (4-58)
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Fr ERG (4-57) B, HATBREAB/R TE XE#HT K(b,a) BFREN:

o0
Z b (25) @7 (20 )~ W/ ME(B—ta) Mg 4~ ¢
n=1

0 Bty < tg

K (zy;ty; Tasta) = { (4-59)

# K(ba) X NFAXEHRBMETEHRRRXBIEEF M. FridE)
R R TS T B (4-42) MR R REHE T, WiJGH Ak 2 —
R

I 4-10 EWIR (4-50) LM K (b o) W R BEE TR
EE 4-11 M F =4[ dR T, Y
¢p(a) = &'®/R)= (4-60)

BARE B, =p*/2m. 8K B p BETH n FFERBIESM. M, RE p £ p
A

[t @w @ =0, i B, = 5. (4-61)
ik, B R8T R 2
Kol(@by t5; Tay ta) = 3 /M) (@-20)g= (/M@ 2m)(to—te) (4-62)

P
WA p 2o fife— S X P, BT LR K 9257 p MR MLk ES0F
K& p WA AE R 5, Bl

3
Y= [C)5Es. (4-63)

XA, BATIREN T i1 TG B BT T

i . — —(i 2 /19m — d3
KO(:rb’tb;waata):/el(p/n) (e m“)e (i/R)(p"/2m)(ts t“)ﬁ. (4*64)

B 4-12 @ EF R A (4-64). IEASE R itk T L% T
TR BIR (3-3) =4 R).

4-3 BHMNFERHEHE—%

BRI 4-11 FPIRRE S B0 AR T G 38 T R0 3 7 s B R A AW
M), AR EAMALKER. 8, MERELTF - EEK B+ (@xt F A
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MR T, AT p #F 2 ARV, MK (4-62) A8 B X BB n SRAAYEEA
B4 N, B, B R 00 I B R BUR AR R IE AT, AR REIH —1E, 3L

B, f " $pdz = / * Ldz = oo, Bk, HE S (4-62) BIB9S (4-47)

fEd . AT LR — St 2 ER T 2 M B0 I B B AT AR S AR . LR FR AT 5 E 4
1T B R R R AR R Z I, AR5 T IR HE =,

f@) = andn(z), (4-65)

MERNATFRE -S> EELH) T —MESLX . Bk, X n BKA
Z AR A s R AL AR R, I BCE R S, AITAT AR B K A9 B
Fia, B 5 (4-59) F, 1M H 2R AR AE % 52 X N Bt AT DL .

FEA— FEYHERERT DA ATETE MITH TR

A& Bk B S X AN st TR R, ARRA L BB R, mhibR
S B ECRE &R, BT AT AT SRR RN BLZE 7 R 1A SR AL ER AT T, AT T
T 7 ¥ 58 X . AT (R EER R [E W, B F FEHZ ¢, Nz, SFF
B THEZ] ¢, B3] @y s BERIE. A XA R RS F— A RER, 3F At
) A 4 B, A sE, itk FREEBHMAEREERBEAYV HEANE
KA F (BRI & x, F1 xp) B, AT 45 B AR5 R R BA 14 B8 A R {22470t
18] tp — to PNBLF AT B8 M0 H 4R BE P[] 25, MR 08 A2 52 B0 e, {H %48 BE A BE
SR, T 4 H B AR O B HE R0 B FT LA 2B AN

XA B 1 X 5 R R R T OIR () A BE S R RS R FTRE Y, B0, X o, AL F M
@, 1K X BE RO IR R B A R R LB, B XRE. A RTR A RA T K
HREHFTHLONRERRBESPTHRE, XERSHR—EiRE. FELL,
Wi T — N E BB RGN EAR —F RN (R — 1~ HE % B A9 K
FARE HOA — 58, Bk R fEm IR KR, ERWASHEEK X F5—/ME
AR, 3K FR G 2 R, 33 o 2 TRT 2800 R A T K.

BAEZE-HKEE. TE AP 5EEE XN ERER @/ ([T p,
EM ). i, IR o BRI A BREIFE —L/2 f1 L/2 ZE, A o(x) &
AR RBE? ERENRFMINE ¢(2) Ez=—-L/2Mz=L1L/2 LK
HA . W3 b 2 By BRAR I 2 2 PRI F ok M, B B — N AE W S i HE R 2,
PRl fERiF NSk T (22 a). XMEFYH 2= —L/2 fl z = L/2 B,
d(x) = 0. Peah i

hz (92(}5 _

“amoa? = 7Y Ca
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1 |z| < L)2 BRI H, R F E = p?/2m = h2k?/2m KRR
exp(ikz) F  exp(—ikz)

DA B AT B AT P20 2. B 3E & = nn/L (n REBE), FUF exp(ikz) i
B exp(—ikz) ERRREWE B I R A&AE. n B2 BN BUE 1 HI 5 2 R —F (X R
cos(kz)), 2% n ZMBEHRE MR ZMEFRL /2 (B sin(kz)), F5HS A
W R, TE AN 41 BUR. XRE, RZS RBCR E R A, T AR B M
GESE )

n=1

xz=-L/2 z=0 x=+L/2

a1 —HEE RPN EE TSk BN REER B =
W% /2mL? By = AE1,E3 = 9F1, B4 = 16E:. X T 3P A B, 3X 19 A8 & 19 46 % /N 3F
AEZE FNAESHRMNEMOHFREAX METRESERZ AN LREAE LW

\f% cos(kz) A \/% sin(kz),

WeEMNEHE—EK, HH

+L/2 4
/_L/2 (\/%cos(km)) de =1, (4-67)

i SR SRABE 8 & n BRA. LI, HRATEE LIEH K« AK (5
BE G 7 P 8 B L) BN TE K eR R (GXRE, n B, T AH Ak RS> 25 H 2

— AN
\/% [sin (231:(71 + 1)%) — sin (231:77.%)]
= \/% [2 cos (2n2n2+ : %) sin (21%%)]

~ zgt—:ccos 27 n+1 z 4-68
“VL L 2/ L))" (4-68)

HILHE N
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XA 228 UM IE B F — AN 2/ L. F G, X n SRANAT LU X k = 200/ L B
BURACEE. B2 k 198 AR B RIFE (W TIESX R %) Z E B ZE N 20/ L,

LI Ak X ] %Ak AN, BT X L, o o RO A T B A AL 3 I BRI,
FER AT A4 28 o, 7T LIRS (R 2SR

=) 0
> )—»/( )%L; (4-69)
n=0 00

ICAE, BN T KB (B \/2/L cos(kx) Al \/2/Lsin(kx)) #Biz X 4~ 45 5 IF
AR I .

H sin(kz) Al cos(kz) YEBREHE A A EEEHHEKMEHS
exp(ikz) = cos(kz) +isin(kz) Fl exp(—ikx) = cos(kz) —isin(kz). H T RATHIFH
FRR&, RATARA M IEZMARE, MAHEEEHE, AN FHED b B
AH A —A (EREREK, TARME RN ER) ZEEGF HEETUZ
W E kB3 BE /N2 I SRR /N TR 22, T FRATTATS AT I Ak 2 5 A R 1 A 1S
FEFEER. B H— )2

V' 1/Lexp(ikz) # +/1/Lexp(—ikz).

0 I exp(—ikz) Al B W2 k A EBE exp(ikz), TE2BITWHEF (L
A28 % pR SRR ) AR BT 3R S B AR )

1AL 3R iR IR PR exp(ika), WENAEKERN L # 2 K H1H—
b (B0 4 ¢(z) = \/1/Lexp(ikz)], 3 B & B0 xR 2 B sk A, = H0 )
K AE kB b+ dk XA, REWEE R Ldk/2x, k X [E] 2 —co B oo.

B REH Anf, HTEMRARBEREIER ., KREZLIEHZ AR
B . BE A AR BE TG W] 2 AR, BT LA R BT R, & B4 2 0 8 Al E
BB B A AT e P B 22 ). B, AT AR 4 R b R B 444 B
fTEx=L/2Mz=—-L/24 ¢(z) =0, MRZUBIFENZME, HENFHLS
HER PR exp(ikz). BATER

o(e) (6 o = §4t) = oa) (6 2 =~ L1t (4-70)
! #(2) (732 = gﬁ) _ #(z) (E - ~§&¢) . (4-71)

R TERE A2 (BN, BR ¢(z) Lo = L KA AT E A e S 8RR
iR, T X BB ARG FHIEL, K8 /1L R, XK L
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T FNE BTFAFHNEEIESHIA

HFIH—1k, HE k= 2nn/L, K n BEH (ER. AKRT). B EHEG HK
(RSP LR

fE=Hdeas i), |AVATLLES, EHAE=T7m EARKERN Lo Ly L.
WA F2A A% R. iE R AT A e 57 &0, BN — 1 B 25 B9 3
BR 5B R /N R — B 3 800 351 56 T % T AR R A T2 o B RN A — B 3 B 9
— AL B9 B RT3 R B

[T . L en(ib o) /L exn(ik. 2) — —— exp(ik .
L—mexp(lkza:) L—yexp(1kyy) L—zexp(lkzz) = \/vexp(lk &), (4-72)

Hh V=L,L,L. B8 TFRE, by ky k. 6 SRS BIR 270, /L, 2m, /L, .
2n, /L., R ng . ny. n, RV H, k, 7 dk, WEK |k, 7 dk, J0H
W k. 7E dk, JEEIN#RIRE 2
dky  dky, b, Lk
2 T 2m Y2om Tt (2m)3
ENZERR Vv i H— (kB E R /1/V exp(ik - z). £ K 3k (k 25 6 F 1
) PR S EOR vdik/(2n)3.
PEFRATHE X L A F R A 4-11, FEEEY 3-1 [ R 3h B 5 E0 o6
F p = hk TER (4-64) PRHMA LALLM F—, BT E AR
exp(ip - @/h), X B IR \/T/V exp(ip - @/h), 7 L 24 W5 0 ok B0 e, 2

@RBI—AET V. B BAR V[ dp/an) RBHE Y ),
P

V. (4-73)

XHUUEM 77 4-2 MME RSB, Bk T R 4-11 T 4a g5 2R,

EEETVEERHET, L EEMNRSHREXHE BAYV — oo i,
ek T K(b,a) BESHEFHIRDERX.

XTHREFBREN—ETE FIEREESR, KRV BRHE T, &
EAREA — D EB R — AT RER: BAMR AT B AR AR B K
T, UEAEERAEEW? 53— iFE: I AZHZIMERN A T8 X
ATERE B ORMOXPFF? I T AR RE, B XA WRA AEG, FEF AR
BE AR AT LAMBUR O D A0 B — 4k AR K BCE IR IR AT BAREE, B A4
SIS R TR T LAY S ) B SR 2. G T W B 2 op 0 A Y {3 (7] S
BUF R MY B2 R Z A LR H, X BSGE— TSR (I —1k
s BCE AR TTIE) B SO R T R

B, AT HBEAME—RAE A BT RBES AR, th 2
— AT E KB ARE/D. LT, K 28K L F Bl 5 T 7e4 4
RS BR.
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55— AN A, BOE A R AR B L T R OE AR AR . BIA AR K
LAl REfFETE. ERIREAREIEM T, HERK S W AR K, A5 H 5
BEATHY. R HEREBCA R XS EY B B R A I T, JEOR Y e A 5E
AR R UR R R RERE 055 15 510 U AR X AR 3BT T AR EE, IR
A AW E M BT R TR — R BN O P, BOE TR R BRI T,
PR ohy 4 BE I AN 2 7E TG 95 .

FEBE 7 5 R AR N HE oy A, B TR AR A MR AR B LA

(BPEMTEZ4m) RAEER. XNEBMEHRNEA EEENES; FBAK
PR fEF A EE. B, Lk b, HRATBEA R, SRS IAKXIERA
HI. BIANTESE N B, AT HE 5 KI5 T2 94 i e o ) 7 gl 4 X

73— J5 I, BUFTE WIS IR LA TE T, BRES T VF 2 A8 0 F A AH B HEIE Y
an . S A BE DT I ANATTRT LA T S AR BE B RE AN 2 PR A S e A A DR E L, A
{13 2 AT DU 4R, JCi8 4] i A J5 35 2 IE 6 19, JF HL A A B8 5% 1) 4019 > 357 F
RE.

H— e R — R, H R B T X — . WS RN AR R, 7E4L
PR AR AL T 60 4 B[ R A, 0 AR 4 /N O VL A B SH, S R [ R
ARz MBE 2 EE A, B EE T A EZR S, X R T K58
R R AL

[94]



[96]

EHE
NES5HF

ZE, RITC AR T BT HERE, MFRAN RITE W &AL F A 4r
FIE (], 52, B A %81 0% R G0 B9 I B B 240 AT LU 45 O T B o A
6] (f4n, 4¢3 b6 5 B A0 B 80K RATRF D). i T4 X 4> al GEHE, (5 1 £ B
T BB MRS T KBS RN b 5E 4 R UURR BT A BLR. SR, J7 (8 #1E
VA, 14 EEE I B K v i R Bl B S ) AN R 5 A ) B R I R Al
PR OL B A, A TR0 20 A 18 2 A5 B e AL ST R B B AR BN
I, X — AR TR T A 0 E L BB R R, AR MR R g & | Rk i
alg HC At 4y B A Dy R — 0 L A0 A8 SRR R A R

7 B 5 — 1 K Ul B AT B B AN BE BOR A — 1 R R X BB S
BAER Wi, UEEBEHMAR BT HERENS ML AR5
HITEMRROM LR ZHRRY, EMNAEHFZHEEXHER. KhH—
BHIAMBEMARE, AV AEA RS =WEH— 211

51 HIERR

HEEERE 58k, WINCEM T LUK 700 B R R R A #E R, |
2, MRRMHBN R E, A, BEA—TBEE o(p)? HEHTSHHM
R T sh N p BBEER P(p). T L, #0A XH A HERIE, T HRATR
HEHRIE.

Ho b B s i (SUH A B R B 7 A AR S TR AR, ok, REIRA]
T G AT 43 BT A AR I R, BT LA AT AT, BN, — SR, R — AR e
t =0 BB ALEAE o FhF SR £b Z 8. XDAHEER o T IR K, H
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e A B, FRATAT LA RAT I 1] B R I B X AR G g i BDFRATT AT LA BORE
FAERFME] t = T W3 (RIREE T ) MEE. S0 ER y, WEER y/T,
B p=my/T. SHBMENIRZEN tmb/T, RE T B#HK, staEMixiRE
INBIFF A EK.

AR MIE XN LR ER S BEEE P(p). SHRTE p M p+dp ZHK
R P(p)dp & F X — 1% 5 &4 B BEFE P(y)dy, BIAE B A 52wk £ 89 #5848
MERNERE T 2ZFEES y M y+dy ZEZIR TR YR, XHHE
KBV p=my/TH p 5y BEREK. R F7E t =0 B AW REH f(z) 4
H, AT SR E R N EEH f(z) RRK P(p).

BT FERTE] ¢ = T W EK y S EHERIERZ

w1 = [ ~ Koly, T; 2, 0)f ()da. (5-1)

M A fk T T Ko (3.3 ) AR, XA ik 4E AL
m )1/2
i

v 1) = (th
2 00 (L 2
X exp{ ;7;5, } /_oo exp{lm(3++w—2 } f(z)dz. (5-2)

DA BERR IR BB 45 tHRLF7E y Al y + dy Z ] B RER. 3 IRIR AT 52 3,
FE T — oo MR, X SRTHZIETE p 5 p+ dp Z A A BE RIS

2

2
Ply)d 2nhT ‘ / { ?;;m )} f(z)dz
= P(p)dp LT — 0. (5-3)
HRA p=my/T, FB T — co KRR, 4512
. 2 2
P(p)dp = —’ / { g’x lg;;; } f(z)dz| . (5-4)

AR CABE, T4 Bk 57 BR i 76 RS BT b B9 XN, X Bk, X
THXE KT b 1 z, IR TE R AL f(z) BRBIE. BIEREHE T 2K, & imb?/2hT
B NGA] DL 2 R O S XS K F b 1 o XS (5-4) A FTMk,
K P(p)dp K dp/2nh Fe LT T HE 208 (455 ©

(p) = [_ Z exp { _i;n } f(z)dy. (5-5)

O FZEEEBILEHE T 1/20n PR TE o(p) BE X #—35, IR, &Rz
H 1/V2nh. SR, $i2 BT 4-3 PHFGR, RITAFRES RBRMNE LT 0ER, 32
., % T8 — 4k % (6], 3h & M85 0 B IE T 1/20h 60, = 458 25 ) v 3h B 4%
43 ICRE d3p/(2nk)3.
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' 76« FRE MNESHEF

AR o BB —F R H E 5-1 A, i A 5-2 E—FEIT.

AW
U

Bl 51 H il RATRLF e E [ BE 7 B A AL &y AR B A R R D E.
B TREETFAEMNMLE « FIREOBEE fo), WEPHEZHEZIR £ 1M
F oy L RIRE B b T8 T Ky, T;z,0), U0 E 3 5218 48 46 (9 1E 5% 3% Af . (L
PRI RAN By YEX T RBES, B BRITWER) &5 fo) RIEFH
FE B —b B b A EEER, Ty PR UAR T, U5 38 0 38 B B A B B A U 20k
exp[(—i/h)(my/T)x]. X G PR B 1E — R I X o B4, 8 K48 B JE B A R, R
76 A [F B[] 7 P9, B AR AR R AT I B S5 A BE S y R (R y > b), BT LA, XA B
MEIEEN TR AR p=my/T BIEERIE

|

|

|

|

|
-b +b

X (5-5) HHHBMFWAOREEN T —HHEL FHHEXNEX
e B = 45T, o 3h B A SRR

o) = [ {82 e (56

oo (B U PR f () TE = A BR2S [ A BT S B A X KR = 0 BPRLT
AA R p ORI (%, =T HEREE L HEARNET 2HEEE
B — 343, B T LA B TS B 5 R e A B 0 A 8 e L 3 R
S350, Wi th T B p 7E = 4SS WG dPp/(2mh)? P RO HER.

F& AT EL 28 40 H T LA R AT B DB R o B 0 B0 0 W IR R, 36K R A
BT A B AR 4470 5 30 1 47 B AR 6 2 44 s 1R R 10 3 R O 8 5
W B F — A B (B AR (S AR), B — A SRS R
ORI, 03 716 4 8 S A A o 55— A28 i T B, SR R kAT
B ] 5 R 2 W00 i it 2 Tk, TR, RE R T f(x) A, FE AT A 0
B0 ) 038 0 140 4 TR 0 B 53 A 55 3R P (p)dp. 7 0 0k 0 S0 58 £ 45 S
SIS G B B p BRI O A IR KR o(p), TR ATRER — K6 BB
BRI (B0 6 9% BUAI B T exp(io)]. 15—, % BT i 0 o] B

B 5-1 & EALAT— 4 S R 5 i R W g B S
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1 G s 3 53 AN PRI L35 MEE B 5 o A A IE B 2219 2 3h B B R IR R
[ &5 2.

(a)

(b)

Bl5-2 EHRERIE f(o) ELCHRAM RS, HEK SESHE FOEEFREHES I ()
frs), P A RO B R K, BIBh B R p = my/T BB R K.

5 — 77 I, & HH R f(x) K 5B KORE, 0 (b) BTR, W BOGRF G A
[z B XF B 50 B9 sk 2 B MK, TR, 3h B R my/T I RB /.

MR EFE—DFALE o ERE R, W (o) Fin, MEEFlANHTXSEST
—b B +b 28], X FIEMIEREN o, XPFRBEPHESTERKS 7o) QS 4%
HE AR AR K Rl 5st AN b BUHT I 3h 2 {E p/ =my' /T KRB K

THEFBRE WD LML v, t) Mt B 208 T4 T = SRR
. o £ 22 R 2 5 B A R e 2
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.78 - $RE NMES5EF

(p, 1) = / . { _i’;' w} o(z, )Pz, (5-7)

HAVEFRE NTE ¢ B2 T 3h 8 p FIHERIE.

A bR R RN L, W S B RGOk S AT R, 2 R UL ARAE,
5 A R s [B] AR b, B 22 R 7 Bl B2 R P A TR L SEBR b, X PR AR R A
MR IE R —ME R AR X, ACABRREMA BRI LIRERR, &
ITHTF 2045 H R 3 22 e

P 3
vt = [ew {“’—‘”"} 80 s (5-8)
Al DA FH A A HC At A 23R 0 45 #4 B 0 A Aok A [] R 4 3 9] 90 3R R X — v &K
B F b T E >z FHEERTR B XA AT BB A . TEX RS T, & Ffpnf
fefE OLAH N, TP g AR, Hp 2z — 2R Fah &R p ERIE, i 4(p) 4.
BT explip - x/h), B BETHEH p, TRALTEE o 6856 R{T
Yo I APAE A, RS 3-4 pEHE XA FEIKKL
HE, w57 b, R RBEPAERES. XHEMTIATHYS E—BMH
L) T AR H A BPFRATAT LA, exp(—ip-z/h) f&: EHEF L TEE =, €32
LA p I ER.
BERFPHEET £ 34 FIANTE LU0, W AT —t Z1 ¢,
U RS AR e BT 2 ¢, B SR, X BB TIE t, Aty Z B IR R Fi5 5
H1E & . B
(@, 1) = / K (@5, ty: T, ta) (T, ta)d*Ta. (5-9)

0] DA SE X Bh 828 6] b B AE 4% T, B AE X R B9 Fak K L SRR, ¢, B2
Bl R AT DLl R — B & ¢, B 3 A R 0 HE
d®p,

601,16) = [ KPP )0 ) 5 % (5-10

e (5-9) 1, FI=X (5-8) ARH (g, ta), FFEL (zp, tp) B E A8 S0 LU
RT3 d(py, tp), BLRLER (5-7) PARKE, MATEZ), shE R P ML T h
RS TEETFERNESLE

K(Py, tv; Pasta) = / / e~ (/MPee i (g 4: @, 1) T/ PPaTa@By, 32, (5-11)
flan, 75 3h & 25 6] Pk B R F 8 sh 13 T 2
Ko(Pb, tv; Pas ta)
_ {(2nh)363(p,, — pa) exp{ ilpaf® oty —z:,,)} %t >t
0 % 1y < tq.

(5-12)
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(G — TR T 42 (4-28).) XAREXPHI 6 RBEHA, A A THIB
B, WnE 5-3 FrR. SR, 38 I R B AR L 7% iR H F exp(—iEt/h) #LE4E
fb, b B = p?/2m. B (5-12) HHEX DGR WA LAK (4-64) EEFR
H k.

ty+

taT J

Pa ]=pb p

Bl 5-3 [ KT 75 3 B 28 [0 (AL 3% T AMRAE AR 2 [F B 3% 7. FEsh B =), LA —
7 A% AT LAGERE T 7E ¢, 2035 B 3 B py. X — B — BB R AT UG T 31 & pa = p.
B H A A2 X X AL 18 7 A ST

— (&R T 0 B BB HR AL T L A bR ES E) R BT B 1k A6 35 Sk AT BRL Y R
=K. ﬁi’i, MR AR A WA, TR T E 30, shERE P H G 5%
F AR 24057 5. 02 B B o] AR A SR B R, B R RE R T
(BEHNE).
BEE - RET R EFZN S, UHREMXS & T 2, S Xt
PRIE 2 AL 225 (8] F i [A] A5 B SR, FEM AR PR REF AN B RS N BT R
d RATEEA S T it a8 N RE B M . (LB TR B2

k(py, Ev; Pa, Ea) /// / e~ (/MPo-ovet (/M Bt (2, ty: 24, 1,)

xet(/Mpa-zae=(i/h)Eata s, dt, 43z, d3x,. (5-13)

XRRER B AT p?/2m, 60 E ST R ER S — DML R (R
HIARR). DS ARG KT (ToFR AR [a]) 4b T R R 69 BB 8BRS, A 7T 88 DR 9 19
RE B 7 AB R A Bh i 2 E) A K R

ER—B7. BRI HE AR THREET EXHERT, AR
(5-12) L5 MG R, KAl & o, Mz, MR C AR MR T. B, F T &
ty Mty MBGY. AEACH ty = to + 7. FRWERSD A LUE R

o0 o0
/ /M) (Bo—Balta gy / oli/M) (By—p2 /2m)r 4. (5-14)
—00 0
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B REE - RKP T & BB SRR, Bk, ©&2
2nhd(Ey — Eq). 5 RO WX A

/ e“rdr. (5-15)
0

XJE— R FHEnE &5 M. & w BB WS A T 5%
IRAE A, BATIE w B EH w +ie. M w M e ABRELEA, o 0{E N
i/(w + i€).

BAE— NPT BB B I i 2, BN 2 e #a il TR R R, JFE4 R E
BB RN i/w. SR, FERERM TAED, XFERESSFBAEH (BURA TSR
B4R RATIEAETTE XA RECREH T, Rk TS, B HEE& o
E S Z A G K B X E (R LASE HoAb ek %) #ar. IR ARBR P L e,
B4 X PR E w = 0 b S AR, FRATHE 58 2 A F nfay Jp.

TEX AR A RIR A 1 FE R 2 A E#HE, BN SEUE RS R B
At gF, X PR G5 SRR E: WX MG e AR e, R R | % 45 N Z T iR
IR SR AR AR R R MG HE . AR M 85 R 5 EM 1 F 2317 T, XA TF
BB EE, AR R A EFETE. fX D RE ERE RN — TR,
XA S TR S O — TR FR/NEE B A, HEEHE e B AR R K BE AT A
B A

HRMNFEXANFRE L

i i(w — ie€) iw €
wtie wite w4 e +w2+62’
MR ATAT LR A 0 55 — @B N i/w, FF BLAE LUJE 35 Boix — I A AR 4 wh 4
FHH EBI 4. 5 I e #E T A48 B nd(w), H B 76 LA 0 B4 b 2548
BB X R, AR A B R B e X IR AN PP
(i/w) + md(w) FF i/ (w +ie). XEWRE

S i
e“"dr = lim -
0 e—0+ w + i€

= P.P. (i) + 7d(w). (5-17)

(5-16)

(G RILH T (A7) R) EEEE e WERRX PG ERMB ¢ — 0 B HIH
FR.
|l ko B AL T, RATA (B, —p2/2m)/h R w K,
(27h)*8% (py — Pa)O(Ey — B, )ik

ko (P, Eb; Pas Ea) = B, — 72 J2m 1 ic : (5-18)
@ a
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FEX AN RIBAXPAAE S RPEWRE, EFEHATFHZE SRS, TRRERFE
wIEsh & p MAL. XX FHERFE—HFRYA T REE M) B XK Tz 5
s, Bl — N HARR EshE p WA BN FiH— 2338 — [ RE
ETF i/(E - p?/2m + ic).

A [T AR O, BB’ E —MAESE T p?/2m, MR — A i
AT HBX X5, RIKEFEBHNFEET, BN RRBERE, H
thoE BB E R, H BEEMENMER. KX (5-12) PAREMXNMEE A
Kl 54 iR (FZEXN TREZE T =t — t, BB).

™~ s
BN

Pl 5-4  AHXE T a] w6 B kT 4 Ko (9 SERR. X T R B9 B I E, R BORZE, A
W, T T = 0 B P IR A — 1 SURI I BEBK, 4238 & S0 500 10— 8 5 i 0 0 4 5 A%

XF T /NTFERNME Lo FTE, €T =0 ERAIFHIRG. hotEx
REGER BRI BEN TEE 8 FAF IR BEIE2RBKER (ET=0
4b), Brii Bt r el & 2 AR B, At aFLilEE s & & R0
J&— AR BB [ B B (17 22 R ), R 4 75 1 B ok A8 48 vh — A 5 8 28 3 o5 s 151
% X F B oA T, XA G EER SR AN T E = p?/2m.

A, AR TEETFREET

i i

B am i P.P. (m) +nd(E, — p2/2m), (5-19)
HABE TR ER T ¢ =0 B RRIF RSB R . 5 44 e At
i, H AR A B IRATEE B [B] R G, W AF % B A ME — BB B R E B K p?/2m; B
B R T =08, BEAZHAXMEIARXAE.

B 5-2 WRIEATE X

k(zp, Bp; Ta, E,) = //e+(i/h)E”tbK(l‘b,tb;$a,ta)e_(i/ﬁ)E“t"dtbdta (5-20)

JH R A AL $6t i 1] A Bk 1T A A% 4 2 () A B, WU IERA: Xt F i i i H S5
XX RSRE, A

¢n Ty ¢n xa

E,—-E, +i€’ (5-21)

k(zb, Ep; Ta, E,) = 2nh%8(Ey — E,) Z
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Horh g, (x) Fl By B H 097 4E B SCRIAAE 5.
52 EFHNFET=ENN=

FAERY 7ERT— VRN E LW, A& sh 0T RL R 85 T
g o A R A . B IE A BT B9 SEIR S5 R, FRATT AT LA (8125 5 A) AL kr
TN p MR EZ DT N Sh AR R B A AE R BT 6, BATE#— 2
KRBT Msh i AR E A7 ek RS R E. 5 E RATE B, EREATLLAT
v 1 By Inp 28 R — 4, Sh R RE R R Gt nl DL 11 4858 45 b R ¢, 42 1 3tb 53 A
22 ]

XL R ] S T sh & LANG Y E AR . AR — A R L= ] LA
KR, el LA —MERRMEGZHEKR, WRLRATLIWE S RGEHMX
MR R ABIMBI B « &), a4, ZEERELRILKLG, ¥ i
HHE R K EL Pa), ER MM ELRPRIA A HBMESFT o WEEE

FE A R I 5 10X ol 4B R oA BRI AR R — MR AT RERY. L% U B i AR B A
AT e TR RGP B AR R — RS AR LR ITERE, #E 8
RME G508 -S4 AR 5, TATRBR—4 A 2 n 400
L R R . AR RERTAMER G? #lin, G "] LR R X —4UA:
“BtABES T o NIEE XA R, FATT A FF L5 07 . Bk, R AR
SR AT LA B iR E A PR G, MR 2 o X A 3% I 3K B H A
B (AR BRAHE i (BZIEE).

XARATLE A

2

P(G) = ‘/_00 Kexp(y, x) f(z)dz| (5-22)

AR f(z) 2 BTG R G R B BR S, Kexp(y, @) 28 4 52 SE 30 {30 % B4 1% 45 T,
y MEBAMR G KR T B ki &, X MERA 7 —F R

2

P(G) = | [o@s@as| | (5-23)

He®Messds
9°(2) = Kexp(, 7). (5-24)
(BUR £ B 5, 418 5 SR — A 56 B0 5 B3t LR % T 7 ) TR R 177 A
B,
v(6) = [ 4" @@z (5-25)
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RAGHAAMR G MHERE. X MEETER 5-5 PAHHT—F A
HF TR IE A, AT R g (2) KB EXMER. REEAISIENLRA

IRV 8, DI R B S B8 T Ko (v, @), BT AT BRI BRI A RO ML 72

oA, R TR Y A TREAHR, REAMER G MEERE

2

] [ ¢ @il

’/Kexp'(y’»w)f(m)dz 2 (5-26)

DR A 3 AT e ) 2 A R (W] — A, BT LAE A S O T L AUR B P(G) 9
[l —E5R, SEERT— A5 b iris i —#. RS, 7 f(z) NIEE R ET,
AR ITA
(5-27)

/ 9" () f(z)dz 2 = ’ / g*(z)f(z)dz 2.

XEWRE, g*(z) = ¢*(x) TNE % — AKi%B‘Jﬁ'ﬁ*ﬁ.% exp(id). Bf 2k % [F]
—ﬁﬁﬂﬁﬁﬁﬁﬁ&‘#ﬁf? (E—PTHAMAETF) [F—4 g*(x). IER Bk, LA
PR g*(z) MPETR G W5 1E & .

9*(z)

f(z)

K55 HIANEMR G MR EEASHR T [BREH fo) BPBERMAER 2=y
Z . XAEM T B RS T (LR E 51 FE 5-2), fEESTF g*(2). ’H f(z)9*(x)
Xtz FR A3l i AN A LUJE B5K o S BE SR 0E

FATAT AR 55— A R X T EF R G R, f(o) LA 4k
i 2k (0, BA 0 E B B A R BOR T A7) Bt R U, RATAEER 1
RS REL, WL F(e), DR T8 o A8 5 —E S Bk y A B]IL 5 5
B g BIE R y BRI NZIE T 6(y — 9) (FEIBRIE gy =y, BMES T
F). H i,

| Kenslt 0)F @z = oy ), (5-28)
FATAT LU T 4-1 18 i B 15 3 T 80 B SR Y05 H 0 i 56 2R R X A ) L
M (4-37), &

/ Kexp y,l’) exp(y7$) = 6(y - y)v (5_29)
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T LA
Fz) = Kexp(y, ©) = g(). (5-30)

B g(o) Bl T 5 LA HE IR G 00 S R ITIEAT LIS (1) BT BLA MR G,
QT B (2) BFAT o(x) . FRREINKE: BRTFAT f(2) A, WE o)
4 B M ~

v©) = [ g @f()da. (5-31)

T ZAEBR, © BRI ZNER.
AT PAA K4 o i5, BFAE T g(z) BB RE

|/fmmmwa

REFHNMHBE S L, XMUEERATITH. RELT f(o) B, BHAS XALTE
9(z) &; HMRE—TWE, HRHEENEERESTLAE g(z) &, WEER, &

F g(z) BHER N ;
meﬂ[ ¢ (@)f (z)de

L RBCE PR R g(z), MERFERBLT g(z) SR E SEEIE E
MR H AT AU R, ZRER X PR, Ml AR T4 R, Hik
HE BB A P05 1 Z 6%, 3k 8 T 725 B 5 i 485 3 A B (10 4%
TN ES

NI X AT SRS R LR — BT X ER. %
M (5-25) MIMERE, % (0) RRERGAAENE =, ERLEA R G i HERIE.
[XHERIBGR T LLZES (5-31) 48 f(z) Bl & B B —H T, g(z)
e RERGHAMR G, T4 TMNE » WBERIE. X8R E LR —
M) — RS EAR ANE B HBRIE B — 1T RmEALES BN
A A RBERIE. ERICE B 52 T X AR % i AR

FR (5-31) TLUMBWT: REAAHR G HBRER: (1) RREAE 2 A
HIBEARIE f(2) Lk (2) B RFEAE = &, WEREGHR G WHERIE ¢* (),
PR 33 I Bk K2 mT BE A o SRAN.

(5-32)

B 5-3 fRLTRECR f(x) HIRLFAb T 111 4b A9 HE K

[ffuvmm

B2HA—N 1. EXDYERTIEN, f(z) = g(z) WREEEHEFE G MR
=0
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8 5-4 {RBEAE t, %] R G5B B R BUR (). BBRIRTE ty >t > t, [H]
W& N, R G0 Bh MR A 1 F K (20, ty; 2a, o) 3R, TEW: 7E t, BYZ R B, R
At T x(z) EIHEE M T A F T 4a

f / * (@) K (T, to; Tay ta)(@a) dzadzs.

HATHRX AT R p(z) BB x(z) SH) KT BERE.

ETEMNNE VRIMNMMRR T - THEZE EEREMNES AW
|—1H3“$Tﬁ'éﬁ{ﬂ' FIHAL R, RN AARFFL (KT 1) 4 g(x) SH T R—

iR IFHWIE, MR AMELREMNRET I ERBHEREER.

BELPHE —NRAMNREFTEILNERWOBLREHE A K. Hln, i
=R HNENRY o &, AR ERHE g(x). B RE exp(ipsz/h)
M exp(ipez/h — ipyy/h) i HERG K & = S+ B HFME p,. FTUEE—
=R G h W p,, BLFELRE LS B AE y 7 ) LA 20 32 3), 1A s
25 R ORL A — 2 il 30 W0 A A B ME— A AL R B R B AR (B
HULA R —ES) WA FH 2% U RAENE pe..

H i, — Mt R ATE 2, R g(z) AT R EHR G: — i &
B og(z) HERREFT EEAWR G. AT, RZHA—EEXTH, BEH MR
G WA RER —E# IR g(z) iR, XY G XFPrA ol LA [E A I & f0
AR B, AT e PR HER R XA, iR T —4
KEM EAREZER) & A AL FEF exp(id).

21 3 AH S0 6 BRI R B AR A R AR AR BRI B HET RN MERY. R
WH—HHKNK A B, C- - BEFUFE—ASL5h [F &, 6, shEr o
Ny RS RIEHRTFXEEL—RINEEHa. b, -+, SEATLLSE S #
R — N RERE; MR ERGERGAE—HEEFREZSMAER
KA. FEXNMEN, BT RE A MER o B ER b E% HNiRE,
it it 4 FBREARGRIRGEZMHGELE (REFEN A, B SR EE T LU
H 5 R).

BMERNA - NLREE TGN A XeE PESRRIMRER
BEA AMER o FHMEMR. FATHRX P B 1 FRE B 5N

9" (%) = Xa,b,c,--(2)- (5-33)

LR, XA RBOERE au bye - BRRE BATHE N SEI IF 2 B 0 x4t
A L S A hR AR i .
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BERGAT f(z) & TE, LRKERN, A WER o B WERE b FF
A (RR A B B P8 M R A0 E %) 4y

2

Plabye,- ) = | [ @aa] (5-34)

THEH REAWELT xope.. (o) T, B A BER & F%, AR
WAL LI, ZRRLTH a b, c. - HAHREHMEREZT, KIE
a=d,b=V,c=c, . XEKE, I L&E48EH—HEF, RIA

/;oo Xabe(T)Xar e (@)dz = 8(a — a')d(b — b')d(c — ') -+ . (5-35)

FH Xape, (1) EREREM T aboc. - HRORERS LATTE
o A B, RN AR B s, . () BABRKTE 2 SRLRAEL T
toa. b oy R EGIRE HIHER IR,

MREHRFEAT (@) &, W4,

- / T s (@) (@) (5-36)

RERZGLT AR afH.BFE b EHEWEFRKRS FHOHERIE.

B Fope,... MEH f(z,y,2, ) —HBRRENRERRR T B
BEHIBT R Fape,.. ﬁff]fﬂtﬂuﬁiiﬁ@ﬁ&?ﬂﬁﬁ flzy, 2z, ) B EHE.

BREL Fopc,... RAREM A B.C.--- RR. (Mi— TP EEREX R
REW—DFH).) B f(z,y,2, ) BRREHEH W BIRRE TR c.y.z. -
RE WANREZE S BT x A 5. B3, &% Xa,bc,---
(9,2, ) Bl z.y. 2. - RELER A.B.C. .- RETVFER K
B, TR Xape, (T, Y, 2, -+ ) BRI AS B BT 0 75 (25 e BR 8. B (5-36) 19
WA R

flz,y,2z,-) = ZZZ Fabe,-Xap,e, (T Yy 2,0+ ). (5-37)

KRR, KRRGE ¢z AR ER: HAEMR A=a,B=0, - WHEEIE
Fope RURE A=a,B=0b, - EMTE z HOMEE Xape. . (x), B/5H
FrE Al BEFY a by c. -+ SRAL

& 5-5 RIZEE f(z,y,2,--) TUARRRH

.’1? Y2 Z Z Z Fti,b,c,u-Xa,b,c,---(:Ea Y, 2y ) (5—38)
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i AR ARX (5-36), BHBR (5-35) & XK x WIERHIEN, F,, .. =
Fa,b,c,----

B# 5-6 ik A. B.C BHBHN=AH KRR po.py. p.. BRE
Xabe(T,y, 2) A ATER? MATY 5-2 MERIEWTY 5-1 BRI KR

B 5-7 XA B.C. - REBARLIFRER, WA RIEERL, M
RRRRGERENE =M. REHEH Xape,--(2,9,2,-), ELFEAE
HFRREM AL B, C. - REZMEE A HRENCHELIFRR B
HRPZ DR BB LT EBRER, REHEXRRS A.B.C.--- KR
2 () 78 8 Ft A0 S ) R B

5-3 EF

HAZME  FRATIE nT A4 49 X S AR e ok B0A JL S BT B PR, 1R 3R AT 38 5 |
B TR S — R T BB R f(x) FriidR feRE, AR E A X
MR RN EEZ Z R, BAHE A EHERMTA? RITEHIES (4) %k
Peic XA F¥E (AR R EE).

B RN BT AR a & LA E A B.C., -+, Hif A B & 4551
Al B 1% 2L A o — B W o [ WAEfT—A4, B IR R B MEE 15
Haboc, - HEORFEESHMER |Fop...[> T2, Wi A GBI RE
aHMAE B.C. - WIBME (Flan, B.C. - WAARNE) WHERE

P(a) = Z Z T IFa,b,c,--‘lz- (5-39)
b ¢

FE MK, SRR X 2 52 1) SRS U b, ¢, - - B9 BT A AT BREHEST 9.
M A gF2E W) 7TELH R (5-39) PEIBERIELL o XA A
AEAY a SKFITIAS 2, B

ZZZ ca|Fype..|? (5-40)

BT IF R, 2 H T B X R A a0 SRR B 2 2T R Ak
PSR RARA AR XN IRER — MR, C /T 4-1 R itis
i BAERATHE BUR 73 AP TLAGE R AT, A B R At & h FEEWY
IR SE AT, ARG WO &R At EE O.

@ Flhn, ZF P. A. M. Dirac, “The Principles of Quantum Mechanics”, Clarendon Press,
Oxford, 1947. A KRIFE. B F S12F BH. BRR S 3%. db a0 BH2% B At 1R, 1958.
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B AETRAT R A B B R IR B R f () R, B ST
Fope... WIHEI7 TS

eyl = Fp g .. oo (5-41)

A (5-36), AT E

(A)=3.> > a / " Xt @ (@) / " oo @) (&)
a b c —oo —00

_ /_ Z (@) R(x)dz. (5-42)
XX FHHE L RIMNCEH TR
R(z) = /_ Z Gale,a)f(a)da, (5-43)
HpRATH TiE%
Ga(z,2') = Z ; Z - @Xa b0 (@)X e, (@): (5-44)

i (5-43) Y, ¥ R(z) EN — MO F KB RE f(z), WA E
BT 5E A HEKRRNEEBRSBER Ga(z,z') 5ERA. BH, BHR (5-43)
AR X F RS 2R

R = Af, (5-45)

Hoe A B—AMEFITF % f BRIER. 7 BT, A &R (543) A
RS, R B G MITRLUS TRV, B A SHE R A %, (6
EAEE, 7T

W= [ r@a@a= [ [" r@eiwdiEiaa 6

B 5-8 VER, R (5-44) BHE G (z,2") = Ga(e',z). icdEX 5, IEH

).
X FAEMTAY 2 — oo BT FEM BB g(x) A f(z), B
/ " g (2)Af(z)da = / " Ag(@))* F(@)da. (5-47)

AT —E (5-47) BOZ MBS, 0 A, FRARKES BER (4-30)).

B & 5-9 ZS[AIRRGIhERR 2 MR ok HUR

Xa,bc(x) = el/M)P= (5-48)
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(BAFM 56). EWEE A B z 4R p,. EY, BE Ca
Gy (,0') = 28/ (@~ 2)(y — ' )8(z — ), (5-49)

Hh 8 (z) = dd(z)/de. FIX G5 R EARRN F & o 08 MEA, HIEW, X
MRAFHEEAUE R

e ho
{pa) = /_ f*(w)Ta—idm. (5-50)
B 5-10 &8 AN TAEMN o B4R IEH, MR Ga(z, o) BUA
Gu(z,2') =28(z — )8 (y — y')d'(z — 2') (5-51)
if, A GEFS B ¢ EIE M EF AR, MAN ¢ WEFFHE B «, A
Xf(z) =zf(x). (5-52)

FIERBERMEE 5 5-2 1B B BB Xap o, BRRT A MEHIR 2 BIAR
7 BRL By P S5, D
AXa b, (T) = GXap,c, - (T)- (5-53)

B 5-11 EB E AT,

2R E o W RIS (5-53) AR T RS, FRATUL x BEM AWEAE
fE{E o A 5B AL s 48

T S5 - B R RT LA TR B, AR A Sk sk B AR EK R A RAY (Hhdn vt A
M B) Wi E— N B ER, Bl ABf) = B(Af). XTRRERH, BHF— 1 E—
MER G, G5RUAER, 1585 FF1E BT T 6. 7E RS BT U0M A AT
1 5:

A-B=B- A

— i, F AT A B3 B A AR 2 18] B X B 5% FR RIS, H SR AR X A AR R 1 I
FTEM. FR#E AM B 2T LR B 6928, W e8] LUE K —40 R
AP ER A, B.C. - W—&5, XHEABRHFE—NFRIERE xapc,... WRTE
K (5-53) FHER BB A FEUE b 0B o, FXMARSL, T2

A(Bx) = A(bx) = b(Ax) = bax = abx (5-54)
MSEAL, IR o F1 0 H BEL R AE

B(Ax) = B(ax) = a(Bx) = abx. (5-55)
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B A EXMA LB A M BIERTEESRE Xabe, - LEX5KF.
PR X P Rz AR R R M (RVENTAETE x R &I+ 5), B LAY
GHREAUMT x RBEMEELAEHS.

SR x BRBOH AR — A <52 B R (X AR DL LAY AY), IR A, FATT5E 4 AT A
A X R PE A AR M AR T R A T REAF AB M BA fEH T2 sR B #k 45
H FIAESE SR RVEANTRXT 5 .

B8 5-12 UEMALE K x AR AR o or A R A ar A ) B
.

ALt g, CM—AX 5 HBEERMF A B C. - BREKB S5 ETMEE
R R (ATEPR ). BB KR —H DT, W

Ax = ax Bx = bx Cx =cx cee (5-56)
i, B2 B RAE 2.y 2 H 1 E M5B popy ps BOFEREN %‘%‘
%. BRI T T 3R R 2 0 A B BURAT 4.7 1EHORZ T, p, B91EH a,p,
B K b, p, B K c(24 8RB0 i A A ). T {00 0t I A 441
hox hox hox _
Tor =% Tay "% 15,
i F AT R O LA exp[(i/h)(ax + by + c2)]. X SHRATLARTH T fle—2, B
HATE M3 p MR 093 B expl(i/h)(p - ).
BEEREFR WETUELSAREELS é.(z) O5HELL b
1, 2 5 1) T 36 B P B R B R 6 (z) TR TFIE B FIIEIA R (4-59):

K (b, thTasta) = 3 fn(26) 0 (€a)e ™ /W En(tr=ta), (5-58)

ex, (5-57)

HATEREFET, on(z) BREREES o, ERATRE n OEERIE. Fit,
RFERT— T (BHEY 5-2) BiTig, on(z) RBRERREL o, ERMLTRE 0
BOBE 0. BUAE, AT X LB (5-58). 7 to 2NN B z, th &
FE S 20t B ENOLE 2, BOHE R R BT A AT RE 1 OO 69 A B 7E 3X 26 7] BB 0
g1 s AP BR AT AT B R A M RE RERAS. BRI, FRATT X & AN RZS n B9 F 51 LI
Z BR A

L ¢ (za) R BRELER 2., B TRE n BBERIE.

2. exp[—(i/h) En(ty — ta)] B R G ta B ZI4ETARE n 1M ¢, BT 2 4L TFRE n
AR RO .

© REBUEMBRFEANE. XS IER X EREE R on(c) HEEZ 4
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3. On(zp) Y BATE M RGEAL TIRE n b, ST =, WBRE A E

.

B 5-13 il on(x) MBER 5-2 PR xape..(z) AT AEHE.
MR R, on(z) BN x BRI n fRiCHER BERBKRZ) M7 EEL
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FHBRMIM T E

WR =TT HFRGEZ B —DEER 0, XA FR )| #E1E
M, WA =R C2F BN HABRERS T ERES R R, &
TR BRI 2 A B AR AR T X R R R, AT AN T R G
BH A, AR RORA BB B R ) — RO RATHE M R A
R I, HE RS (5 RERSIREAR L) B, XA Ir AR R A .

AR TP T AT L 3 T M B 20 B R BUR, (BB U5 A A B By 22
B XA BOM R T 1A TR TR 2 B AR, BT A X — R

AR Z WAV E FHT LT B — DR, RATF &8
TR 1938 3. 75 1R B AR B A R, AR &R B, IR R AR o TR
AR A 1T ARG 22 SR oA . RV X T AR 5 DR B SE PR ROBER %, AT
B, BAKEMEAF RGN R T HHERA B ELRE.

6-1 WMEFF

BRI &—MRFER V(e t) Piszh Tt Rk —%isz) T&, &
a M b K2 (812 3 1% 5 7 2

Ky(b,a) = /: exp {% /tt (54 -vin) dt} Da(t). (6-1)

WAL S I Ky HARIEREA], BLFRESR V EZd. 45, i85 Ko
N B BB 2 3h AL B
FER L O P, 28T Ky W E &% Mk e, BlineEs =5,
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BANWE T2 FO) EHKBERFOEE T HEE Z2EK (3-65)]
mw?

2
FAEH RN, AR o 09 T UCRR B, AT LI B 2 4R T T skt
Sr A AT, 2 MR R IE 8. 5 B TRERE IS 07 R, 1E AT LUK B Ak B A
— S AN BUAE R AT R 2 ) SR /N B AR B — R TS

BEH R /NG, S Ut U, B B AR I R B HE B /NS 2, K
(6-1) 5 V(x,t) HRFEEER 7] LRI N

it
exp{—;—i/ V(m,t)dt}
ta

i te 1/ i [»
zl—g/ta V(-T,t)dt"l‘a(_ﬁ-/ta V('Tat)dt> Foeie ? (6_3)

B TR E B AR 2(t) WA E X
3L (6-1) X RBIFK, 15

V(x,t) = z? — f(t)z. (6-2)

Ky (b,a) = Ko(b,a) + KO (b,a) + K@ (b,a) + - - -, (6-4)

Horp
Ko(b,a) = / ' p {;-i /t t %a‘:?dt} Da(t) (6-5)
KW (b, q) = —% / ' exp{ih : ig-abzdt} /t t V(a(s),s)dsDz(t)  (6-6)

b . tp
K®(b,a) = —2—;2 ’ exp{% 5 %i‘zdt}
[ Viats),s)ds [ Va(s'), 8 )ds Da() (6-7)
ta ta
FE N THEREV WRSPEIRIBE, BRITERREZRICH s, ¢ &
BUIMItE EHEEET KO, BMNFELLHFER ¢ FXFHEZ 2(t)

IR, 5 A

KM (b, a) = ——% /tb F(s)ds, (6-8)
s 2 i % mg?
F(s) = / exp (f_i t Tdt) Viz(s), s]Dz(t). (6-9)

BB F(s) AT AR INT: R A B F R\ T A R L e

[121]
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SR, B — R BB ANERTE s BRI ENHE Vie(s),s]. BREXMHFEV
AT () FIME—FRIE R EERFERNZI t = s A E. XBEWRE, 7ERZ] s
Al L A, BETE F(s) 2 e RS E H B b FRie, HREEEImE 6-1
i 7.

B 5 (2-13) AR IR, BATIE B — K R0 M5, —# 45
TERTZ) t = s ZH0, 75— 20 Z f5. U8 5 B i 2L, AR &1 %
FEAE X A 8] 70 F R 2. PAERATERX z. WAABER S & ctrid
Foxe(s) (BN s = ¢.), Wt A X Fh B A2 SR AR LS A Ko(b, ¢)Ko(c,a). X7
W&, F(s)=F(t.) 5 R

F(t.) = /—00 Ko(b, )V (zc,tc)Ko(c, a)dze, (6-10)

K61 KFH aodth BHENT e 7, BEZH Vizs),s] = Ve EH GEHESD. 2
&, XA HiZshE] b XFEE 3 A BERIE B R (6-10) A . B X D HESRIFXT A ¢ TR
Al BB B AR, T B e O 2 — B T

AN (6-8), it [V(e) = V(ze, te)]
KW (b, a) = _}i_l /tt /_ Z Ko(b, &)V (c)Ko(c, a)dz.dt,, (6-11)

Az KR RE SR too. 7E 3L BRI H, X A B4 BR A] o 3 (7 K £ 5t
O, 4 o ARFHAR R A H R B ) SALER (ERRH T 2 AKX ) 7 E.
EMAMERE X (6-11) REZE URA H, Kt FA07H MR — A4 51 5 fe
B, LUHE BN AR R A B S RATTAR B 5 0T 22 A B M AR B st R
FATYE, S EEPRL T, T4k 54 S 69 48 08 2 B4tk S A2 0 191 89 —(i/R)V.
KRAXM@RERINGEH TR MR Kv: YR, Ky BR TN 0 B3
B &1 b B9 BT A A RE 7 A AL x4 ] B 7 2
1 KL F AT BEAR A A O [Ko(b, a));
2. BT A RERLSY — K (KM (b,a));
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3. B F Al REBUH BT [K®(b,a));
N i MR AR RE, BT B0 R B AR I TE T 6-2 .

a

F6-2 (1)K FilEdH v il oz s Bl & b, WA B, HAERER Kob,a). (2) 2980
Tl it ¥ v BHE ¢ Ah S — K, AR R KD (b,a). (3) BT HUS K, HHEERIRE A
K®@)(b,a). (4) BL U n K, WG — KB RE L EEN. NaiZ3 8o KAEEEK
B I SR IR R Ko+ KO+ K@ o K 0

Xt ] HE 5 A B — A Bl R — 20 ] BB OO B9 AL B 4N, B RS — KR
FFERE T KU (ba). MIRIX LR T BI—A AT RETE O th TR 2 s 4K &XkE
T etk AMBIER o, tc =c, WH V() 8, 25, Edsc A
12 Bl B S R b, X b B AR A R R

Koy(b,e) [—%V(c)dzcdtc} Ko(c,a). (6-12)

(e, & Rmel, AX PRI F S5 FrREs Rk BIEAKX LR,
S AT T 22 A E BR R RL T B9 12 5. )

A4 3 X AL FE R DL IE Y 2-5 PR ST A AL, BIAE I () b AR 4K R A Y &
AR N AT, E s &z F ot FBRAY, B2 H X RE 5 W] AR A O N
%, MRS £ 3 F KO 8RR (6-11).

WYX AR R, RATT L E RS MR B L% F K@ X

K(2>(b,a)=(—%) / Ko(b,&)V(0)Ko(e, V() Ko(d, a)dr.dra,  (6-13)

Hp dr = dedt. NAMZER, XNMARME LR BFNAE o BHEZHEE
di £ d, B F OB R V(d) B RIFENR d BHIBENE R ¢, M
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N V(c) Bht. ZJa, BN c BHZE3 8] b FATHI KR FE & BT A o] 6E
T, B AT B8 & A= B B9 Bir A o7 R0 S ).

XEBMNEEAE MM BIET t. > te. N T HRAEFD XSG F B
M5 | R BT ok B9 RRS, FRATR S B (B R (4-28)] IR
FH 184, i

K(b,a)=0 %t <tq,. (6-14)
TR (6-13) Moz, 1M BHXT ¢ F1 tg BIFR S DX B A 1 £ BR .

AR aEE X (6-7) PHBWEF 1/2 B A7ERX (6-13) H B
Mg T, 38, X (6-13) H, tg B X AR t, B ty; 2R, . B9 IX
B[ (6-14)&E X] BREITE tg F ¢, 2Z08). 334 R il HE 3 A4S DU B 43 i 2 4
T2 AT EEEME XA, X (6-7) PHNERSEES N

/tb " Viz(s), s]V]z(s'), s'|ds'ds =

{/t /tb +/tb/ }V[‘“(S)’S]V[@‘(S'),S'}dS’dS- (6-15)

R DR — T R 3 (6-14) BT B & a4 BRI, 38 2 2 e B 40 U7, 7T LA
?E'E T S|

/tb t,b Viz(s), s]V]z(s'), s']dsds’. (6-16)

A B 1 A T R P AR R 5 BN o, T T LA 0 AR AR K bR
%, 3 (6-15) 45— TR AT, T, 30 2 B LA 2k
RIRETE 2R B 36 SR T L KO 2233t i B E T 1/ml.

BE 6-1 RZWULEE R UV, HpV RNEM U BRKE. #—4
i AAEH U iz sh M F T LAE sk (BN, U AT LR = 9 I H S
I E JCSC). BB, TEBANFH U+ V FiiEshi =X (6-4). (6-11). (6-13). (6-14)
fiiid, ALEH Ky U Ko, Hh Ky BREH U h2shW&E#%F. FE
LIE V BERGER U MR RATAT LA, —(/h)V 2 5B bk 38 4 8 5 69 HE
S (B AR B AR B]). Ky B RETE LML U i85 5 R IR,

B 6-2 W—TREHWDRFHR, EfRELIHE Ve, y) HEEH;
Horp o FoRE— DR F HRAR, T y BARE DR TR L4 (BFT 3-8 Ik
(3-75)]. BR T X MAHEAE LS, B FAEZALMAER. &V 2F, U K 32
WA H R FE 3G T R R AR N X AN sg, dir Ky (b, Yb, th; Tay Yo, ta) FITK
PR TT 2. FH A 0y 38 1 200 0 T LA 5 33 A R I =X v 0 4% T2



62 Ky HBSFRE .97 -

62 Ky o FARE

JE 1 45 SR TR B LA, B R AE B P iz B R G R0 1 HE
T AN R B LB R FIUHE A BRI A RMEER, X (6-4) TLIE N

Ky (b,a) = Ko(b,a) — %/Ko(b, ¢)V(c)Ko(c, a)dr.

+(_%) / Kolb, &)V (c)Ko(c, )V (d) Ko(d, a)drodra +

(6-17)
A, XA~ AT LU AL
Ky (b,a) = Ko(b,a) — /Kobc )[Folc, a)
- / Ko(c, d)V (d)Ko(d, a)drq +—~-]d'rc. (6-18)

FHES R E R G0 (6-17) M AR R, 76 53 9 Ff 1 B0 A RO #8621 TG PR
ZU. XEWH, Ky TUER

Ky (b,a) = Ko(b,a) — %/Ko(b, )V (c)Kv(e,a)dre, (6-19)

— MR IR, BT Ko EHBTRE Ky MR 57 R (EE, X T[]
6-1 tF TR BB, Ko MR Ky.) T2 B4 B4 [a) U 4 % B 2 7 2.

X—Ba RN E Eoal BN R RS B KEUH A o BRI
2 55 b [ B AR 0T LA R A R AT e 2 AL S — Rl BE T R IR A B A
A BRAT B HE SRR, RN Ko. 5 Fhal fEPEJE 28 00 — K B 2 IS I & A= BR
TR E, EHX (6-19) hfE—T4 . 7EX 5 — W, & c il VR AL
WJE — KSR S XA, RGEH S o BRI RIS ¢, HiZshH Ky (c,a)
Wi fid. 7608 ¢ BARE —widgt, K5, R A th CHH) @318 b, A
LT Ko Fm. XA B m /e 6-3 1.

BN B i — ST T RE R AR 7E 5 a RIS b Z BT B 25 5, B LA AN 12
2 1 HEF IR X (6-19) 9 i Ja — T A9 8 A R BER ] 200 S A ¢ BRI A W]
REA & AT R .

B 6-3 X+ HHB T, X (4-29) bk

0 1 K2 92
Y K i L
o(b,a) + h | 2m oz}

Bt Ko(b,a)| = 8(tp — ta)d(zp — z4)- (6-20)
b

[126]
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a (1)

P63 (1) KT a BEMESE VIEEHT A o, HEEHRIE Kob,a) R, (2) KT8
Fev B — R EULIK, B fe — K R AETE S e M o Bl sl e B2 3 Ky (c, ) TR,
il A3 e FUAR b BYIZ Bl Ko(b, o) iR, H I8 ¢ BT A O 8, X PR JE 4 & 8 45
VA AT RENEE, JF X (6-19) % il Ky (b, )

g L (6-19) IEBA, £ T Ky W 2o v

i 2 2
%Kv(b a) ﬁ [ zﬁ aasz(b (Z)+V(b)Kv(b,a):|
= 8(ty — ta)d(xp — Ta). (6-21)

6-3 KB EFF

fE15 34 b, RefiT3I AT U0 BB, it it T B 58 BRI & 46 T2 1 0 3

s X F S Jr R (3-42) T, (BN THR RAAE 6 ABT N £, 2 2 3 0

P4 -, 0T e 2 0 BRI 2 1, B0 0K SR, S T 941124 A 0 I B,
A IR T LU

() = / Ky (b, a)f(a)dza, (6-22)

Hrp fla) &t =t BFZIBERABAIME (B f(a) B z, BIBREL]; ©(b) 25 AT Z)
t =ty MR, ATBB, XF A2 ZE, REES V hizsh, HEETF
Ky (b, a) k.

H1E Ky BRI [ (6-17)]) fRA X —2EK, MR F] (b) % HUE T

P(b) = /Ko(b a)f(a)dz,
- / Ko(b, &)V (c)Ko(c, a)dref(a)dza + - - - . (6-23)

REE R — T th 7B % 6 60U eR B A BUE T RGEAERS %) ¢, R %)

@ EE, BITH) (K(ba) TE ty < ta ETE) BHER (6-22) RBL (b < ta BT,
EAEX A ¢ {5 R B, BATHAEHR (6-22).
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by 2 L 1 ) (SO AR, SRR Ko B Ky, SBCTUN 8 6, F 2
o(b) = /Ko(b, a)f(a)dz,. (6—24)
RS X, 3 (6-28) 169 BT 5
wb) = 9(b) - 1 [ Kb,V (©)o(c)dre (6-25)
+ <“;{l)2 / Ko(b, )V (¢) Ko(e, )V (d)d(d)dredra + - -

XMIEXMEEFE N v HEERRBFARX. &R STATHET X FEAGE MIE vV
M — B o), 45 R E— BB RIEC. EaEE VW RRES. XA & A
Soe BIX S LATHT, B v(e) AWM ARG R AMK; BHZE, R%H A cizsh3)
AOb IR A B, H Ko(b, o) k. A4 0020 BUE 7T B8 & A UM RO BT A AL &
i B RT =0 (BRI RLE] VB9 B I, &5 BAR N — R 3k Bk L4545

i@ 6—4 M55 (6-19) B A SR 3 2R E BH, 37 R 5L o(b) T2
Al

¥(b) = 60) — . [ Koo,V (). (6-26)
BN IR 0T O
oy i
= == [—%vzw - Vw] : (6-27)
R — ST, L0 S50 B 1 e 7 7
6-4 FEFHH

HFAE RNCEEA MR IR B EOR T HELAL B8 7 i 19 8EE
23 BULAED 1 N A B A G T s, BAT R TR SR PR T RS 9 B
R LB R—DLR, — R FRE -G, g H — 1SR HE K5
R M THEERE B AT R SR, W 6-4 FTR.

B2 SR T 0 Al ol AT B T 7 o . S 20 (A ¢ — 0),
FAT BB — A, SRIEAEE T LURE BR80T st A5, 3
{7 AT LA 45 3R B8 F 76 — 52 B (8] P9 — >3 5 B 5 55 — A by 6 486 256 i
K(b,a).

FATHE 3 T o B iR T A 1) R B a9 R AR, sl M E M R AR
5, UBB IR TES RS — MR TFMHEIER. L L, S TiF2 8 Le,

[129]
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Bl 6-4 #ATL o I T8 s M o HIOMEEFLE I — 3, RIFITRIE L 0 £ K
20 B0 B B E o T VAT A (A SR T 0 RE R B R L R ), (H R S L T
BB o R R (Pl AR DA ) TR, Bl an, S A T o MR BIE R b Y b b
THRES BT RS s A, AT LA B S R B R X B SR K B O R 0 2 [A] Y ok R

XA+ B RY. ThH, K 2 OB RR AR BY T — 1~ R B 1R R O
KBTI, BRLtt, FRATTRE I e B e 5 BT 2 T A AR B AR A

R T 8 0 BOR A dn R R A, I 6-5 BT R, FEX AR R, 7R
t =08 ZIM o B F. LT 58 b BTHBES R, Bt =T B2 F & &
FIE T A b AR BT i el

Tq

B 65 B REE LA CR. T o TR, BHIBE B A o, EEIRILEE T H
Viee) B, B Z )G, EiEsh 3 o ARB TR, TR TR R’ o, BRI, o, &
HEO 0 0 R, EX TR, BT T 0 Ay, X R A X R U R
877 1 S B Y. XA R AR T — BB R L. aRE R A PR (WTE A c B
d) FIBERIE, IR 4, 45 R 2 B %55

(1) 6 T2 PR AT P — B B BT D . B el 7 R T ST — K,

(2) JBF T LA JF B 2 7 25 ) o R 3 ©V/ () SRR, I L8 AR A 1 75 1k

SEBR b, TR 5 A A A O TR A 4o 0 R, T 5 T 2
(1 4 L 41 S B2 P AT B0 48 V (r) BT REAR R BB Z8 2. 703X A i B oh, il T
AT R 3 S5 T K e 5 D5 T T 450 2k B . ST AT LASIE B, 2 R A0 3% 78 ol T A
T2 1] f0 3 (B JBE T R I U Ak R RE BB BLIR 25), B, 435 (1) R
SR, ST AL (2) AT

A @, Fl @y 43 1 Hh BT PO B o TR ARG U 0 4 it 7R TS
AT <0 A @y 80K BT A TFRT LA BRATBE, 735/ TF (o] F 2|



6-4 B F # 5 - 101 -

9 BE B b, JRF 3 V(r) SEE A/ BT LAZ NS, T2, i T AT R R or id
b, B A BE g, R R R MR E AR RE 32 2 SR 1 A

— i 38 U AL % O, LR AT UK R R A RO R, R —
?Mﬁ a HHiEshE 8 b HERET Ko(ba), M ECRESHRAT. Félﬂt 7653@

KW (b,a) = —%/Ko(b,c)V(c)Ko(c, a)dr,

i //T m 3/2 im|zy, — x.|?
)ty \ZmnT—ty) Pl omT -t
<V (z.) m " im|@. — a|* dt.d? (6-28)
)\ omint,) P 2nt. el e

HebRMNEgeH o, REMNFESFE c R E, o, RARE . rAE T EM
SR XF ¢ B (BERR)

i m \95/2
KOG =~ (5mmz) T

1 1 ;
x/ (Rw +Rbc) eXD{QﬁT(Rca-i-Rbc) } V(z.)d ., (6-29)

H R = |ze — xo|, Rbe = |Tp — x| LXK EEE L, LUK 1y = |zal, 16 = |2,
A

2230. *Te I:Bcl2 1/2 s
Reg=1mrs(1— 2 2 Ty + g T, (6-30)
a a
2xy - x e, [2\/? .
Ry =y (1 - 22 c ;| 7.62| ) R Tp— 1 - T, (6-31)
b b

Hrpoi, #lody 02 —x, Moap 7 ERBAAKRE (B iy = —x,/ra), RATE
MM 7RISR AR, B o KT HOR B2 0 AT || BIfE. R
AERBHETFHARLERE |o| B—BO, B X X T A A /) )
FA X AR A AR S R X AT &

(Rea + Rpe)? = (1o +78)% + 2(ra + Tp)(Ta - Te — Tp - @) (6-32)
R X e ), L& K

i 5/2 1 1
KOB.a)y~e L (™ 4
(5,0) h (2JtihT) T Ta + Ty ot 2hT ('ra +7o)?

< oo { Bt i e - mc)} V(e)d . (6-33)

[132]
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WIEBBE HAEHRK (6-33), WAl LIS iz sh g e Yy BRFAE. 78
BfiE] T o, B F RATHEEE N ro +rp. X, 7EXBATE] 4, B A8 2
u=(ro+m)/T, BEERE mu?/2, BT B K BIER mu. 5 HXLEREX, B2 E
SE T O R A SR T R RE R

F 525X (6-33) B A A9 46 B 1, AT LIS E M BE | RE B A B R g ax sk
(B2 — B, X A8 BT A H DL im(re + )% /20T, SEAGLRT T 89 3 8045

m (ra + Tp)2

YToRT T2
M b At ) u, EABEREBERE mu?/2 [BFR (3-15)).
LNy BOTLRT F= A 5 b Ab B 5

(6-34)

_mru+rb
T h T

EEWRESRKDE mu [BEX (3-12)).

k (6-35)

B& 6-5 X (6-28) Xt t. HIE 7 A] LA [ RE AR L HY 77 6 R L. BF 58t
(133] 7 B X A0 B9 B FHUE B, B0 B9 KB 23 STRROR B 60k K8t = ra/u 19 ¢,
6, ZRETULMEITXES, £ XBE (ro/u), ESFEERETF L.

HEFHREMNEL u=(ro +m)/T XEXAGHSHERE p, MG
K& py:

Pa = MUl,, (6—36)
Py = Mmuip. (6-37)

X, 2 (6-33) ATE N

. 5/2 - 2
K(I)(b,a)z—l( n ) = exp{imu T}

h \2mih T/ 2,1, h 2
X /exp { %(pa — D) - :BC} V(z.)d z.. (6-38)
el B, R BEELBICH P =p. — pp, FHELE v(p):
v(p) =/ei(73/r‘)"'V(r)d3r. (6-39)

P ELAR b MR ZHE T Kv(b o) BT A . FH I, X Rk
FRXAME#E T HERIF X P —T (B Ko(b, )], X — T Al BEAR A, LABLAT
BT KO (b, a) 52 21 5 .
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IR, 16K B B, 3 R FTIE 4 09 8 G A RO 2L, £
SRR T O 9 B — 552 (307 9) §9 BRI, AF 66 77
S, ol 227 B, A 32 A 33 o BRSERL A0TSR, B REOK
F, R PO T  BLAE X A L SR S SR, AR Y R HE B
) S A M R G B, B 9 5100 1A 2 N
URT HOH 195 T

TE AR 1 XA, B 334 I HER (B E LB —B) (X d KD (b,a) AR
Jr ity R (6-38) KX (6-39), XAHERR

5 2
wnE = (o) T (6-10)

LT F SR, BT o) B T RF B0 R 8T o,
il BOAFXT 7 600036 5. 2 5 ST B89 R o 52 2 3%, 38 (6-40) R0 T R
Al 7 e n X S RSP . Bl an, 5 5 & H, B0 1/r2 SRIRT TR A A, Bj—A4
BT IBRAT PR T RAL ST T 72, T Rl 0 B A S8 EFR o
S, 2B e 5 L3RR T A VL AT, 15 S T 2R 0
LB 0B, SRR T 090 5K, ABER T SR AAR o1 400 B 6 R
s LA ARG,

Bl 66 7HER b AbZ B O ) A B A% B RO AR = A BT — B B T A BB LA 24 K
Y BEA M K o BB AT b X B, 7E Kv (b, o) SHE R IT 3 B 3 B TOKS BTk — O 2 3l
g i, PR AT L2 5 — D EE IR KM (b,a)

PLSE AL 7 2, HU 5 B OIS DR 1) BT A O ) L SR, R R
TEIH R AR B B FRONL SR LT r2. B ISR A B 1 S 1R
oo(p) o, BATHGAE T 5457 5 B X 4 B

HoAth 7B o T R R 98—k 7 X R BATH - EER
G, M@mREXARNMERS 7. AT b 4K B — A EUEHR T 5 HE
S5 d bR EMMREE, & d R TR, A RENEES r, 4+ (6
BEIF[A] T 0 [6) 4 RE) SR A & AR BT U, IR 6-7 /. BPFRATiH
PR P(d), SRR FAFEME. 45 B2 |Ko(d, a)]? B

P(d) o m 3 u?
H iR~ (o) T e (6-41)
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A I,

P) _(m \? e (ratm)? :
P@d) (2nﬁ2) v )|2W- (6-42)

T AT EE AT A BT 35 A R b T B S IR PR T, O A A B R R

%

v(P)-

Ta+Th
- d

ae °
Ta o)
Ty
b

B6-7 R d 5 b(B ry) Bl O BHFEBAHSE, W) 2 2650 A B F B 22 (3 k) R
ARESHHARAE X AR b TARESHE FRER L WBKS b B 78S R
BEA O TRALA) B 3K L d A HL 50 R U B A b IR

BOSTRITE AR O S E b, AR A R R R R R Y. X
it ABE 7 B e Ak R T Y 2 U B Y SR B OR B R IR . R TET do/d s R R
T RO RO A (F 22 S0 ), FRCS B B 6L S A A 0 8 B HT o B A AR A T
Bl A SR AR AE DUE T 0 W BRTET B0 B Y. DRI o, 7R RO AR A eR R,
B @, F1 @y SR AR FIX A2 BBR FRATT AT LA 8 i 7 303505 b 1

A S U K BB T TEBE B g AL FT BN TH AR do 9 /NEE 1, T 33X 8 4 1
HUAZZIE X d, ZRENSTEBRILY RBEFN [(ro +16)/ra]do
X A1 EE R E b 89— LA de w, HEIY R R r2d0,
K 6-8 B, PrATE b AR R B FAIMER S (IR B A L) 78 d L KB T
E R 2 LE 55 M T AR B R L

P@_Km+Mﬁ$w.

P(d) — r2d 2 (6-43)
WA (6-42) T (6-43), BAIE 2, AL LKA 198w 2
d 2
15 = (50) @P. (6-44)

o PR A T e A ST A2 B2 (6-40) A9 F B AFAb R R (6-44) 54%
REL B A TR, I, 76— SE 588 55 — 5256 o BT 3K 48 A A 1 7T LA B9 L
e, T B oL A R A U A .

A Z SR A, XA R B SRR 2 L, I LR T D R O R
SR T RUBE 2 1] B A T ] BB 6 R, 7R AT AR B B A 244 47 J5) B 7E i
AT B BN, AT B A A R R R 4 B 07 R B O R R R X
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P68 FTHEIHE Ll do BRI HS M BE 0 BEA B SLIR M de Fr ok JT a9l LS. 25 3%
A, R T 2 AT R el d ROV A, ENTRISER S b, T B EELUY r2d0. fER d KB
B 14 S H TR F R B GA AR d B 2 0 R A T AR, 2R, 76 A3 b $R BB T B #E R
S HF USRS R R T b B R R AR r2d . 5 ATIGX L B B, TR
149 )4 B R0 L. f e e, BATH, BT A TR E R do b @0k 7 E BT, I
Mol —HEM 0. MR, Lhr £ RADBITRI LR R A B, JFH RA K8
3D it A BE 0. IXRE, FE T AP BT 8 T RROC do R BCHH R 5% fR 0 i A R, T 6
JHRL T HUST A M SL IR FoC de R E &

(W AR FAAE; NN RATAE BB R PR, A 8 A B,
BEFBSHAENX T —LMES T 557 5f AR IE R B
GEE LT

B 6-6 WHEHLHE W V(r)=V(r). IEH, op) TGN

v(p) = v(p) = i /O h (sin %’”) V (r)rdr. (6-45)

p
W V(r) BESH —Ze2/r. EHELRT, o(p) MR LRIRG. (HEAT LS
51k T exp(—er), RIGHBCE € — 0 BFHE5R AR ER, XA A h b i 8393 o s
T HE X R 5 I BA AT X N T A R

dorun  4m*Z%e* Z2e4

A2~ L 16(mu2/2)2sin’(6/2) (6-46)
Hr e = HF HLfif;
p = 2psin(0/2) = 2musin(0/2); (6-47)

0= K& i, iy ZEKHE.

[ RE 6-6 A94E w15 R Al i, B — B BRI fOL 48 P 3 o U A
AR R A L. X AN RE R 3 R B TR T2 TR A R B 0 L X A R i 1 A
(i A sTRK. O BER RS RE BB Ty, BT LA S AL TE . X B, — B 3 B i
RHE 4 I B A BE R AE, 2045 R RS I B E R I U Y SRR O R A
9, A 55— AT XX A TR TR R Y 5¢ 4> 20 B AL B (R HE o T 15 O Y E R
SAALER) g R AR AE R
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B 6-7 BWHV(r)=—ep(r) EHHEMSM p(r) =HEM, T£
V2¢(r) = —4mp(r). (6-48)

BY |r| — 0 B p(r) #43E T F, H @/ X (6-48), X » B BIR, iiE
B, v(p) "TUAH p(r) /A

2
v(p) = _dnh’e /ei(ﬁ/ﬁ)'rp(r)d3r. (6-49)

o

p

— MR F A LLRE AT B R RN, 1R R AL AL B R A R,
tk, EATLUHSREN Z # r 17 6 RBERR, X8 Z BIEFHEM A T2,
# ope(r) BIETHE R THEE, N o(p) B

v(p) = —4n;2262 [Z - /ei(ﬁ/h)'rpe(r)dar] . (6-50)
H3E S R FR O RO R R BT (B, X5 R B bt s B
R T X AR B R, RARTHE 8T (A REF&) X8t A
sTEk. Uk, X SRS RIE R F R RS, HEAE Z X —T0]

& 6-8 i, NFEEHE/IDMEEN, BABREECER HEXR
o, T o ) R B (SHRTH) T, BB r (H R RE, BT
F A -MIEEHEESEM AR, ATFARAKXT LB HEF BT8R
BN : ,

Vir) = —ZTee—r/a. (6-51)

TEHERARKXH, o AR THE XSHEFEHORFHIREAR, ©H
ao/Z"/3 g i, Hrp
ag = h*/me* = 0.0529 nm

UE 1 X A, ,
B HLE .
Y0 =~ Gme+ e (6-52)
P,

LA Z%e 6-53
AR (mu?/2)2[4sin®(0/2) + (h/pa)?]?’ (6-53)

BRI op & XN do/d2 FEHALER F AR, B

4n

or=[ Lap. (6-54)

, dn
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FES A BIF HHER, o R A4
4 (2Ze?[uh)?

o = ta W (6—55)
Em 6-9 MENHATFARFL MEFEA—H
ry =12x 1071 x (REH)3cm (6-56)

BEMARER, BREBAILEHS S HEX N EROIRE . MbE TR T
WU R s B p KA, bR B E X8R R A A a2

| 33 AN 2800 GF B, AT AR 4 R e A B AT A A B A R E AR R T
P B N, AT p A S5 K7 SR K A S A O ) £ 5, R
— WL EE R 2 B /N — 287 SR A7

EE: EXRLRSD, IRENBE FhEMRG, DUBOCR 306620 A X i
AR E = /m2ct + 2p? — me2. F L, ks U, AT R AR A RS A R
LR EAER. SR, shEMBPK . GEE SR A KL REMT BB T
HARBE. FRIERERKEE TXA “BF 28 a8, Fr bl AEMxtis
o5 500 3h B AT = OE # 69.

& 6-10 FIEH MR F A M B ALK URF 4 F, A Fl B # L
AT RE o M1 b SRR R BB BHERT, B X #h 4 #UH B9
B0

KW = ®Magf,(p) + PN fg(p), (6-57)
Horp fa F0 fp 43302 P R 0L F A b5 R 0 B 50 0 B A M R0, R 19
HeArEBRARKERHARKEL BRTREBEEERNE), HHR
455 R D BULA B ANE B F

A (6-57) UEH, p BUEE € (A0 A B ER IELL T f2 4 f2+2fafB -
cos(p-d/h), i d =a —b.

U 611 WA T ROBU R AL, TER: o T — B 4 T ARG
¥WM$E%Tﬁ+%+WU¥%%%$Lﬁ%%%ﬁ#ﬁfﬂ%ﬁ%ﬁ
FIEIE?

B SR AT B EE R AT R 4 T IRR GORLEE. B R E
FLAG f LIRS, HE4E BT FE T 45 R 5 -0 51 52 00 o 2 B £ P, 7 B B
(keVELSR). AT, 2540 FAL& T IRATSRESE 2 T 60 57, WA B T 3
T, LU B BN R A, T — 5/ e i
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B 6-12 ¥ V(r) S JEE, WEM: BB K@) (b, a) KA
G14a

K@w@:%(

m )2( m )3/2/ Ry. + Req + Raa
27h? 2mihT RbcRcdea

X exp {%(Rbc + Req + Rda)z} V(xg)V(z.)d3z d324,(6-58)

Hor a,d,c,b % S0 HEF WA 6-9 BT/, Rea N d,c Z BRI BEES, H A
WA r, B r, REB/BZHAEE L V(r) E2/N S0 LIZE T, IEH:
M do/dR = |f]? ik, NP EE oK sEa R 2

f=oe /e_i(”/h)"”cV(mc)ei(p“/h)"”“d‘q’wc

2mh?
N2 | i(p/h) Rea |
7 B (6-59)

Hd py Ml p, 7 BIRAE 2, M —x, T LERITHEFHE. BN KPR p,
FL b B A T SR O I, p JL PR

AT e, E D RO AR WS ST, 1M I IifE v B IERES
w). A SEBR b, R R B AL (6-59) B RGR#TEREOE R, &8 575 5
T TEEMNBE (HORESZ TRER), SRR ASLE/NMEL, F
J& X Fh 75 B AN B 45 W IE 8 A48 1E. 244K, 5 1] 8 b B BB L AG IR 25 1R/ (b
i/ 7 H 42 —), WS WA RE EE T.

[

N
7/
AN
7 /T
La //c \\
(U e 4 O N

. 7 N
Ty N
d Y
Tp N

N

b

P 69 O 38 O TH RS B B, JRATT AT DA SRR R O 2P i . R 6-2(3)
TR, XL T T T SR B A A T R A O R T o TR, B
AT LR 3 d, FEMCBHUN, Z )5 3 H hAT 3B o, 76 BN, Bn B B T 58 b
B R . A d A e WT LA T2 ) A AT (O B 2 X S G SR T R T
JEF L O JF i R M AR 0] K g T 2

SCIR AT R AR IR TR A B B S b B, A ST TR A
REA DR p, A dEL T, FATE G BB A 3 &A1 i AT I 8] B R
& (RVRATHR RS ro +rp AT TG 2 ) 2 FETE 2 T).
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BB AR I AR AR AT 1. A RE# R 3 B BT T IR AR S A
TR A DR, R B R O R SRR T AT A O B AR Y AR
WEH A S o F &N p., BN E, = p2/2m, T2 ASH 73 R

P
balx,t) = el(Pa/R) @ —(i/R)Eat (6-60)

PRt X (6-25) (AT T I0, G603 — B i) Hh 5 e O R RO
Y(@p, tp) = e Pe/M)Toe=(i/R) Ealy _ / /Ko Ty, by X, Le) -
V (@, t.)elPa/P)@eq= (/R Eate g3y qt,. (6-61)

BE S — TR 7R B RT3, B SR S DX T A S A U S U
LT BRI 5 s (s, tp) RS XTI, U b (s, 1) 2 FCE 2.

B 6-13 & V(r,t) Lbr b5 ¢t ok £ (6-61) FACA B kL F1E#
+ Ko, B85 8% t. B, uERHe:

'lﬁ(mbatb) — o (I/A) Eaty |

i(p/h)Roe
i(pa/h)my _ MM € i(pa/h)x: 33 ;
e 2hZ Rbc V(m(;)e d a:c:I s (6 62)
H Ry BHA S o, BB S o, BEEES; M p T 3h B A K.

PR, R re Br, /NS ZHEE E AC 2 TRIZE IEW:
LI (6-62) BHH

P(ay, ty) = e~ (/M) Eats l:ei(pa/h).;z;b + £(60) 1(P/h)1b:] , (6-63)
AU IR £(0) H v(p) & [BEX (6-39)]
J0) = 350 ®). (6-64)

K (6-63) MF ST — T £(0)el /M /py BT LU 1Ay HE5 B o %5 A 25 8] 36 4
BRI 20 el U IR G B0 1) SR S A BR AT . A A B8R T O AE Y B
i1 Ak Y I R O R B £(0) S5 MR K, MiRAE S (6-64), £(0) X FEIE IR p
MAE AL, PR, O LA B 06 58 38 3 eR 80T DL R PRI 2 AL 2R — T B oK
BB B (0 T B e (Pa/h)-@e S UL S Rl T O BR TR B, A0 TR 6-10 BT .
7 FH 3 A WS 4 T AR do/de YA K
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B 6-10  LLSE A I &R B L T 3R 1] 3 O Ab i JRL T 108 3. 1 o 0 B SR ) — B 4y AN A2
5 335 3, 5 B A pa 809 T B 1 TR — /N 43 7E TR A O, ABR i 3 OB
ABH o HiBs) TR ERFE O MEEA o, K b 4b, B F5S8GRE (175
SRR RS A — BRI ei(Pa /M) me B H Y A BT SR B B 0 R BR T BB
HUIT B 1 ®/Mme /vy FELLBREL £(6), f(0) RAE T 5B MR X PR BB T
Spt {BE o A =5 (] 8 4y

B 614 N F oK BT TS T IE X IR G RO R B, X
V(x,t) = U(x) coswt. (6-65)

EBH: 76— BB B DL, S B A RE i B B — N B R hw B R —w.
TE 5 [y T b 22 R A AT A1 BL?

6-5 5t E A X IR A BT 8 R 0E

BRAEMEEROE 4K G () BEAH L f) 35 5 1) T G B, B BB AT — 4
A RBER, HARMER (4-59) FEF R, X6, K EEF T LU &
TR ) 2 ) AAE BR B @ () FOAME(E B, RIFHL B T 7 8, BUAE F — 4 AT

Wig)

Ky(b,a) = dn(ms))(za)e” /MEte—ta) Mgy ¢ (6-66)

BAEFAIRE L Ky RAXNRBEXEH Ky (b,a) LRI 5 H ATHTIN:

Ky (b,a) = 3 ¢n(ze)dh(xa)e~ /W En(to=ta)

T
i ty, poo .
—E ZZ/ / ¢m($b)¢:n(mc)e—(l/ﬁ)Em(tb—tc)
m n ta — 00

XV (e, te)n(Tc) Bl (2q)e~ /M Enlte=ta) gz dt, + .- . (6-67)
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AR, TR, 2z, THBAERE R, W0 ¢f (za), zp WIRIEE, E i, FATE
A A Ky B R

v(b,a) = szmn ths ta)dm ()}, (%a), (6-68)

Hrxss N\ B5 ¢, t, BRI RE RATHE A X 28 Z Hond 52K 1T 8 = 08, 41 L
3V EBY, XLRIH Ky, FrLLE BB Apn = Omne (E8n/Mte—ta) - Fo4
MR VORI R, WA

Amn = Smne” (/MEn(t=ta) 4 N1 4 AB) 4., (6-69)
53R (6-67) LB FE W,
I 1 ty oo
A== [ oniad
ts —00
Xv(lvc’tc)qbn(:L-c)e_(i/h')[Em(tb_tC)+En(tC_ta)]dxcdtC. (6-70)

B RE 6-15 iCAHTEM & 5-4 h, AT — M E PR E LB RE ¢(x)
FPRE x(z) WERIEMERE. IERT: SR RAME R oo (z) MRS EAE R
B b (z) B, BREL N,y W6 R XA SE L

BT, X
Vinn(te) = f @)V (Ze, t)bn (z0)de. (6-71)
BN V 1R E m Bl 2 MR EEET) FRR (6-70) TIUE X

AL

mmn

= t
_%e_(i/h)(Emtb_Enta) / ’ an(tc>e+(i/h)(Em_En)icdtc_ (6772)
1 ta

XHL AR S A AT C A IS B — A AR
BR A RAERZ] £, KIRGAE TRE m BIBERE. DLW 2] ¢, HIDE B8
BOR pn(xa). A2 ¢, B3 RBURH 27 (EAR (3-42), FATATLIE R % ¢,
1 % eR B3R 7R A

fw Kv(b, a)¢n(xa)dma = ZZ)\jk% (xb) /oo ¢It(za)¢n($a)d$a
L S L
=D Xints(@). (6-73)

BILERE %) ty, PERBAITTE A D~ Coom (2s).

[145]



[146]

112 - FRE EBETHEPHRRAZE

FE X (4-48) R 55—k 5| # 1X Fl A AE sk 3 T ) Rk . BRAEFRATT AT
DL T %8 C WWRIR & . RATAT LR C,, BN RGL FRE ¢mn(z)
B BERIE. E X MEEERT, Cm = Ann BEREETERZ t, BPREH én(2), 1M
FERTZ ty, AL FIREE ¢ (z) BIBE IR

FHRABANER, MRS — BAFRE n, BELA — b B 8] 25 £k A9 3 18 7k
LA TFRE n B FREBBIZEH A = Omn exp[—(En/h)(ts — to)]. BATA
DI TN (SERE 6-11) BBE—WMT. £t dt B, Ak A n HHBRE
m @A E W —(i/h) Vi (2)dt.

n+1 +n+1

n — n

n—1 - n—1
H& K&

Fe-11 WHLETEn MERMBER TRV, v o] IR RS <Bat #© 54 gk
HR A, B O 2R 5 m A2 B R IE Y T Vi B8 51 2 76 16 8] (8] B8 dt N, B GEM
WA n B FLRE m B RIRRE —(/h) Vinn (£)dt

B 6-16 I (6-71) fift B O X BT A T B4 SR AN 37 o i 4 ] BB [
JL.

o 6-17 i R R — A SORMR S (6-72). AFIEMIFR
eSO

M 2 ty te N
e () [ g
ta ta j
xe—(i/h)Ej(tc—td)an (td)e—(i/ﬁ)En(td—ta)dtd] dt.. (6-74)
B 6-18 MBI R

)‘mn(tb»ta,):ﬁm —(i/R) Em(ty—ta)

—i e~ (1/R) Em (ty—t.)
h [n ! Lo Z Vm] Jn tc,ta)dt ) (6*75)
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ERR 6-19 B N\un(ty) B AR SARTHE ¢, FEE. AKX (6-75) 3K
(6-69) ik BH:

i

d
_/\mn(tb) = =

dtb Em/\mn(tb) + Z ij(tb)/\jn(tb) - (6_76)

J

MR EEY R R5 EENEES TR X 4R
®’ WMHAR (6-73) FRABEEE IR FE THEHK (6-76) F14]
ﬁﬁ%)ﬁ: )\mn(ta) = Omn _‘E%ﬁﬁi A

FAT AT LAR T 8 A 00 % B (6-69) AP B BT A T, Bl —(i/R) Vina (t)dt 2 F
V fERT[E] (B] B At IEE R GRS n #UET (B0 U6 R BRE) BIRE m HER
MR @It 0,1,2,--- BE B WHUE, BATATMERZEMRE n ZBEPRE m. (L
M om = n, WATA 0T GEME R G T EST o 7E SR Z AR L. TR ERRXBH
— I IE T dpmn-

i = (6-72) $ A5 T4 BRAEAE S — YRS B9 45 SR & A B MR
R EBT 2] ¢, FRIRARAS n s Z IR T A9 R I8 IE T exp[—iEn(te —ta)/h].
(FEXFAEM T, i “fERE n hEB” NMBRN G REAERS n h# V
) EARE n Flom Z A V(E.) B BRI Z (—i/h) Van(t.). &G, 7
Bt 2t R BB F AL TAHRE m BEZR0E (M rT N3 7R “TF & A #4220 4R
EmBEHTX MR FRHEERIR) EKT exp[—iE.(ty —t.)/h]. XFERIBET (5
Z| t.) AT REAE to AN ¢, Z[EME BB 2] R A, A, X ¢ 89843 L AE 33X PR A b 1,
Z B A7

i (6-74) 25 H B9 5 =T X0 (BF — B MO BF 7= A 0 BR AT HE R . 5 —
WHUHME R HPIE n FoEZ) ¢ty Bl EE 5. 25, REMELTXMRE,
HPIA R ¢, XBF, ERUR Y AT R HE B — K i 18 BB B exp[(—i/R)E;(te — ta)]
R 5 — U KA o, I HERFEMRE j AFLRE m. xtFrA A
fil A RIS Bt 2 ¢ At RGN, Hop HBE R A 2 ¢y BT ¢ SRS FRATIE AT
A AT REIY T EDR S 5 hn ke S, 3 ] bR A R 2R A0 A JE) I B T BE B ST
2R

Wil A FATT A i B X (6-69) HP 45 T &5t T B (6] 5 G0 18 B9 — R &5 R
EAIUNHATARBMAG A FLERE . HAMA AL TANHEMN. T, &
A7 B T 40 B 95X 1S BRI A R S R R A O

—BERE EHk BOILBEERE m AR TFEn BHNR, R EEE
BCRGEA, BN (6-69) RS 0, HE5RalE M F V E/AIER. RSN
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n BRIEF| m AIHEFEIE 2

. t
A0 _%e—u/ﬁ)wmtb—fsnta) / Vi ()M (Em=En)tqy. (6-77)

ta

KRR E A XEM P HREREZNFRAX EAE—IOF, '’ V(1) =
V(z) A0 E A R E. EHRATIR 0 B T Gt (] B &, WA Vi, 28 A

: T
AQ) H(/B) (Bmts=Bnta) — _ %an / /W (Em—Ea)t gy
0

e+(i/h)(Em_En)/T —1

= —Vinn B _E. (6-78)
T 8] (6] B T P B BRI HE 38 2
an 2 . Em _ En T
P(n—m) =212 = ﬁ [431112 %} . (6-79)

KATER, ZOXTREE] A FE T kU, X R EERZE (B, — E,) Bl
HIRG R & En M E, HEZEMHEEK, E Vi < |En — Eq|, WER/DN.
XEEE AEESEEMNETSRE S M ZEHE Y KWASEREK
FEMRNDN. HAAZR: BEAEHERH—I/NMESI V., KIEREEREX A
K (Em — En) W7 M2, BATLAE V 7E ¢t = 0 B ZI R R IF 0 EEH, T2,
AR 4R 000 AN o BRG] A0 B E ME AT BE R BURE A — N KIAHRE N (B F
(5-19) XL KA Kitig].

B 6-20 PV EZEM FF M L. Fl, A Ve t) = V(z)g(t), R
Hog(t) BICHE, A 6-12 FiR.

(1

5 exp(7t) <0,
1 T
1—§exp(—'yt) §O<t<§,
g9(t) = 1 T (6-80)
1—§exp[+'y(t—T)] 3 5 <t<T,
1
5 exp[—(t — T)] Bt>T.

R g(t) EFAMEE 1/y < T, M H v < (Ep — Ey). IE#: X (6-79) 4
HIBERGENT —DNEF {14 [(Em — En)/)?} 2 TE g(t) XA E X, Hxt
A (A ) IR S E A A ESE S, B R BB S R 3 — 4 0 45 /.

% En Ml E, ¥t 2R — &, MEANTLH, P(n — m) = |Via|2T?/R2.
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g(t) ,

1

0 T t
Be-12 HERGM n B m BRIE R H AR TP S, LR [ 24 B 7 R m 7B E.

2 5 At (] 52895 SR U (B0, ASELE A B E sk R ) B, BRIEHER RS
/N

B IE W T ] A 5 T . X BERE, ZEMRAE LR, SR AL B[R] P A BR AT AR
MIRE A A B X ALY T 5 E |V |T < BB, XANARA B, SR E, R
H 2w~ A KA R RE B RS, IRA KR EES — AP R
12 co52(|Vin |T/h) ZE4k; RAETES & MM RIL sin’®(|Vinn|T/h) 24, 13K
ITE 28 20 H R H A — iR .

W 6-21 FHE—MEEREN, BREBTER L M 2 ZE5, MIEH
V WEME T RE MERBREXHANEREFTHN, iR B = B £
Vie = Va1 = v; Vi1, Voo FIETH HAh V., % FTZF. {EH

0272 AT T
g ——_ 6-81
AMi=1 72 + a7 cos B ( )
T 373 T
Alg = —i% —+ 1116? — oo = —isin yh— (6—82)

BB 6-22 FEME 6-21 1, RATHE Vig = Vor, B, Vip B SE% IEW:
BRI vip 2B W HELGE RAFE (% v = |Vaz)).

R, ZGEEWDRESZE K FEEE XA RAT AR E 205
W AL s — R KB, TR Vi | T/ > 1. HHEEERZ T(EIHF
RIRAH5E) WX R G, M e T8 -85 M REW F O EME. Bl —
AR 2 W /N 7E A A ) BB B A P & Z RS — BAR K B ], &
XA SAHFOERE YRINES FEPI G I FHEN, X—H2EFH
FE.

REENENE L RFHNASEER B, WERRSFFBE Y, 2
HEER, KB L RIEEEREE S M. RITR p(B)dE BRERE E S E+dE W
X3 Y BE A SR A B TR IR ATk AT LR B AT 3 o 4 X I b R A
R, 1R AE R, BRoE 2L |E,, — E,| RS KA BEER/N. BT ERY
=, AEREEEDNILTESERER E, MRIMEER (RZELE £|Vige| ZME). 3
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AMER 0 B B2
% % 4sin? [(E ~ E)T/20
Z451n )T/2h] .
/ Vo B A (6-63)

Y B, ~ E, i, & {4sin®[(E,, — En)T/Qh]}/(Em - E,)? WK, XEE
RE W KAE T2/R% WY B, 5 B, ZZEMYK (HXF T »/T) B, BEAE %/,
mE 6-13 prn. Bk, Xt B, EBE, STk JL-F 2k A6 T E, B4R
Ep.

sin“x

-3t 2n  —mn 0 n 2n  3n T

K613 FEMEF, AR  UF THRE R B — B, HXPWARERIECIMHEER (= 3F
HIN), BB (sin? 2) /2% KB HARKAE. X KM ZHE, RECERR/N. B, E8 XX A R
By gk rh, REZ A TTEOR B .0 X8, BIF A 68 & LT 4% 1 X 35

#7 [Vinn| ZEAEFEAER, W AT LR — AN SR BUEDRACE B, T H A& p(Em) FIHE
AR AR, WA T AR (6-83) AR B — 4> 4F

™ SlI’l2
Wonl2p(n) [ S = EV M (6-84)

P35 / [(sin® x) /z%]dz = 7, 2\ (6-84) " AIFLME A =T/2h, FTLARAER T

BRI ) i 5 X4 5 A R A R
(En )T

P(n — m) = 2n|Vpn 2220 : (6-85)
I HAERRE SIS GERAMF.
A X e S5 IR FRATT AT A4 BA A7 B ] BR G ME R B AR
dP(n—m) 2n
—a - fan_.me(E), (6-86)

Hort My, FRABRIESEBETT; T p(B) BRAB AT E. ERITHELR, M,
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JrkdE, NS n BIEERE S m 09 507 (] B BRI AL 2

dP(n —m)  2n8(Ey, — Epm)|Mp_m|?
dt B h '

TR, Ux—HRE m RAE, REF B, = B, BEE WH ) -

(6-87)

/dEmp(Em), BT AR (1T AR B (6-86) — 4% 925 5.

FATAT L — A6 7k BLAA X (6-86), LART I A8 i AS A B9 W0 4 3+ 8 1
XA T, Bl FAELRPRES (SET64). B—TARAHMBEFS L
eV (r) MEAEH, FATA B0 R 7 B A i E 3 i w0 AU ) A
AT B — W E S B AS MR RYERE n BIIENR p. K91
B, TR AR ¢, (x) 2 lP/Me/ YV (BRI, fE ¢, B8 K
AR 1). R, RASEIEN p, WV HEHE, TREEE on(x)
& elPe/M= )\ [V HEHETT Vi £

Vinn = % / e~ iPo /P2y (g)ei(Pa/P) 2 @34 — %v(ﬁ), (6-88)
A P = po — pp UL RBEFRERSFIE, Tl p2/2m = p2/2m. X EKEsh &
pa F1 py BIR/ANAHTE. BT ENTET p, B |py| = |pal = p. HBEHE 50
B ik T i 156, H 3 B 7 3 2 B M KR dPpy P RS BUR dPpy/(20R)° =
Vp*dpd2/(2xh)?, S A2 R &S py KL KM T fER XK T dE 530
BEEMITARR, HXRN

2
dE = dzp—m - %. (6-89)
TRAFRAMKA A2 NHSHBERENEE R
1%
p(E) = mpdf?w- (6-90)

LXK ARNANX (6-86) AT W, HRRTHALEMAT d2 @B d T X

4 i
dP  mp df2

T WVW@)H

AL HA d2 HAZE IR LBEE N do(BFT 6-4). BT

) 33 A T AR AR T SO R E T LUK F A ST E u, = po/m. X TRA]

PAFE B A AR B U3 — £k T 9 T8 R 0K M B A B B ) 3 0, A A {52 A B PN
KB —R A AT ER R 1 XA,

ﬁ _ dou,

dt v

(6-91)

(6-92)

[152]
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PRt FA1S 8] T 56 T8 A 45 R

do m \%
=5 = (5) W@P, (6-93)

XA ERANTER (6-44) PERN W LR

B8R 6-23 LA BIEIRE o(x) H—Ib A EEEEEB V AR
N1, EERM S EXHE.

B R 6-24 WV EMEEFEHHRE. B, & V(z,t) = Viz)(e +
e ), IEHEAKRTINMEERANY, BRIELASEEBEANTERNMEZ —
(1) Ef = E; + hw (MR FRURER), (2) Ef = E; — hw (AL T GEHE).
XEWRENX (6-86) NE, AL EBEE p(F) DAL E B X EFEL TR, a3
55X (6-87) 2Kl H

%jm) | Moo [8(Em — B — h) + 8(Em — En + hw)].  (6-94)

B8 6-25 CLvid, BAO¥FTE—H, B HEHTRBULHSAE R LIE
LN R Bl B AR TE K. TEOEEN Y, BERN hw B FEE RN v 1Y
T, BARSNEEEZE &S k. R Y RN &E T2/, iR
HESER FRR, XETGEAE? f A& 6-24 W RFKF, XTHFHIN ¥

) 28 BLA R 1 B, PR AT D4R A 418 iR

I8 6-26 AN NEBEER B M E, HPEM— N a8 FiELERX.
WEKFEH V(z,t) = V(z)g(t) BB ASIE. iEHRKRTHMER

P(1 = 2) = Vial?l(wo)2/1?, (6-95)

FUSE g(e) W PS8 03
o) = [ plore (6-96)

R, I H wo = (E; — E2)/h.

U1 () TR PR M T A0 B T IR B (B 0 ), T4 ()
B4 2 B
T .
¢w>=/'gawﬂ“a (6-97)
-7
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A, EEN L BRI T A% % T RKA, WAEH |gwo)? ELT T
FH L 145 3 45 B 2 9 S (X 4R P K A A R IE B T I ) N FE SRR wo AR Y TR
FE? B DR (g 9 4RSI HIAE). BRI, B TE A (0 T, HBRGE AR IE 1
F (1) BEOGEE]; (2) TERW ISR (B2 — Ey)/h b 655,

BT R I R A TR A B . AE— ) X TR
YRR E DS n Fm A Vi = 0, 3B T BI04 5 5 B IR IF 4 A R )
B, R A G £ n, WEA, Vin £0. —TRE, I HRE m £ n,
I R RE . T LA R A S 0 o ) A B TR B L

R V(x) 5t T FRAEKTEMEICH, “HITUE D # T = ty—t,,
i (6-74) 5

A(R) o H/B) (Emts~Enta)

o 2 T te ) )
] (-%) Z VmJ ‘/jn / / e+(l/h)(Em_Ej)tce+(l/h)(Ej_En)tddtddtc
3 0 0

i T a +(i/ﬁ')(EJ_En)tc - 1
= b Ve +(i/R)(Bm—Ej)tc © dt
th:Vm]V}n/o ‘ E; — En ‘

ViiVin | eT@/WEn—E)T _ 1 o+/m)(En=E)" _ 1
B ; E;, - E,

s = o . (6-98)

XANGERESGF—NEFH PTG - SRR, SERINE B
5 Wb E R AR F. B, A A R ARy, WATE B, a4 Rk ik
WTE E, =FE, SMKT, HMEELT 7. BAurtEERSK (6-86) A
IR, AR K8 M, .., R FRAH:

Veni Vi
Mn—»m — 40 . —
Ej: E o, (6-99)

HARB AL TS X, WK FMAS 5. fE—BrBRE R A TREME LT, K
(6-99) A2 IE#, A U] REERERNE m, i WA BRI ZE M S EA
FIFERE RIS, EX BB T, X F E; = E, W&, BV =0. TER (6-98)
HE AR SIRK BB EARTEEK, BRIk B, — E; i TE, XE 45T
IV, 2. TR RN K B —I0, B (6-99) & IER Y. dEi, =X (6-98)
Xt § BISKATE E; = By, FRGAFFRA EHABTZL; RIEEEE E, 5
En, BEM R, 5+F R E.

H—Jr i, TEFREEN T, ATEEA XML, BIAl fEA ) 5 4 A %
SR — B ERIE (B, —JRFEARELL M O R ER). XN T, &
(6-99) H AR AR WA B A, B R 3R 0700 2000 5 7E 35 0T A s Ak e Fp. IF B

[154]

[155]
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2 (6-98) P HE WG ISR AR X LR R T IR, IR Mo O IEA R KK
(Ch T ¥, X B T —Bro) A

VinjVin
My = Vi + 3 o e (6-100)
J

£ e — 0 O PR, FRATKE S0 07 & = ERE R

BARMUER € TR, A3 AN BIEWT T M) BRiE
R BRIAE E, M E, JLFAHSE (HZKRATE /T ZW). X3 (6-98) HHY5H — T
XEEWHBR. X FE W, Y B ~ B, A A fE 3K RIE; Ry
E, NRKEiL E, T E; ¥k E,, &, BT HE A EF 2 E; M6 R X FHiT
E; = E,, W/NX 3, 1003 5CE N — % 8, FATE B, 55 00T LU R R
FEHEBFLL {exp|(i/h)eT] — 1}(de/e), RF € = (Em — E;) A —A/NX I
(teandy —6 &) +6) By, 1

0 _(i/h)eT __ 1 T6/h iy _ 1
/ SR, =/ ¢ dy
-5 € -T5/h Y

T5/h 1 s
=/ (Cosy +ismy) dy. (6-101)
—T6/h Y Yy

AR BB, HTINE. % T — oo (K 6T/h — oo) i, 45—
i 4 3 T 7 R A R Qi/ sing(dy/y) = 2mi. BT LB K 9 BGE . (U
0

E, Fl E,, ZEAHH S50 A 0] 68 8K 0984 0L, B oKX, R B (B, — E,)~ Al
(Bm — E;) ' FIHRR N EESGFGE R EE rLBE E, M1 E, JL
A &, gk LI AT 43 BT

A (6-98) X 5 B9 FN AT LA 43 U AN X8R, Jp kR e — A AR /N RE
B A RFHESR |E; —E,] > AWM AISM |E —E, < AW B #4
W A BB/, #1854 E; & B, AEZEMARET 24 0, BHF V,,,;Vj, BA
R XEEARERE FARINMER TRE, 18 h/T < A, XEKE
|En — En| < A.

BN T ATAHE |Ej — En| > A TRE ITATREA K, F A HB S

BT, (05— A Sk _
e —1T

a

(4)

Kt 2 = (By — En)T/Ria = VinVin/(Ej — En). EMHEEBRT Em £+ A
J
ZEKIRZ SN A By WRJLES A XX, HEY A— 0B, B E
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EAHE L. BIY A — 0K, BATAT LS

(6-103)

1
@ = Vinn + zjjvmmnP‘P.EJ 5
Heh PP EFEWBONER RIMNEKLWKE T —HW, A% ER TEHA
R )1 L.
fiTH

E,+A
/ F(E;)dE; (6-104)
En—A

> ViniVind(Ej — En)
j

(B)

R ZVmJVJnF 5). $8 (6-104) B K oI, Ko

b= Vin;Vind(E; — Em) (6-105)

J

/Em+A 1 [e(i/n)(Em—En)T 1 eW/M(Em—ENT _q

o E B E }dEj. (6-106)

MAES (Em—En)(T/R) = 2, (E;— En)(T/h) = y, T2A (Em—E;)(T/h) = z—y,

¥l ral g e o
:_/ y(e L ¢ - 1). (6-107)

TA/R Y r—y
ENR O EES HEERSRE, £y 8RN -1 ELZEIFdZHE.
BAIAWM —TA/h B TA/h W HEHEZ ERF S, MBREM T RN TA/R
FE. EHA TA/R AE® K, BrLl 88 — 50 57 fk 7T L Z i SO 7 ik BlE |
/TA/h dy/y = in, FTUAR R [ = in(T/h)exp(iz) — 1]/z. & A, B T4 i %)

—TA/R

—ie, 15 PIBER IR N

(el —1)T

inth
(a + imb) s

X4t (6-86) JE XA BRT MR, Hrp

(6-108)

My = a+inb

1
] n

J

+ind(E; — Ey)| . (6-109)

[157)
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- 122 - BEAE EFNFHIHRMLAE

fE e — 0 R ER T, F—1T ST UE R (B — E, —ic)~1. 7EX (6-100)
PRITEAXHS T.

i 2 (6-100) FATHE, BARM n B m A 0] BEH 1B B R, HAIA
o] figaE it BT <R A" ARG, ARENAT IR RGN n B 5, B 5 B m. 1]
PRI AR A R IR i X (6-99) A . R, U YESEPR AT T AT — A4 rp
TN AP =% N O RN TD V=B M -8 SR = S e K=y Wi U 2 % N i [ S L S =1 7S
J A — & KA ERIE, 3 A& ST E T

hEANERESY . KREWEEHAHEE. XHAE AR TEE/# W
R HE AR FF N BB A M 7 9. B AT SR AN STk A4 SR T S B R 25 U L.

KF X R SAMIERARREX K. EMNRAEV BERERSGE H
W, REH H AR H+V WEELESH TR MEXFHAE “Kig
P W, A AR AR — a2, IR AE R S BB P& R E Ay
NS W N TR

HEGHfE A (R ZE) B SEA A B X, Hh £
EATEMBE LR TS T, Hh it V (e, )2 B A a1 28 1k 59 55 i 35 5
55 1 .

B R 6-27 T B [A) A 10 AR AL B R R OF, BB —Fh
A I, BRI AN AT BB A AR, BR AR R PIAS 2 AN P E] AL 2 A X AR R
i LI = i B R B ) R R T L

B/ 6-28 UERH: X EHEERAE A4 — > v A A A BR G ER A AT R, T
SAE R PIAS o E] A, BRAE SR th R AR SR MR

Vm]‘/}kvkn
Mpsm = ZZE ~ BB B (6-110)

X AH L T BRI J =K 9 = B 3.

Bl 6-29 WA V(x,t) M U(x,t) PIFRILAER, B0, 385 b 5 M 5 %

EE%*H“&%%%%MQZ%*EA BREFFERIE Y V 8 U BMFER RS R

e, RA SWE B R A SRE 75V U FE ES R BT E) % 50X — 455
BT, UEBA: P RE BRIE 7T A 4E 4 o0 i

_ N YmiUin + UniVin
Mo = 3 | = B, (6-111)

J
g . At — 2B B A SRR B A (] R AR, (R A RS R wy f wy. 55Kk
HERE T,
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HERSHENHE EHAERIMRENIES, BIRFET m#£n
AR RS, BAERIMICERNHEB R m =n B ZEHMEIFXPHF
B i F— By 3, A

. T
e+(i/h)EnT/\Tm =1 — }li/ Vi (t)dt. (6-112)
0

OV ORBERF R AR R, W ERCA 1 — (i/R) Ve T. XSRS LR AR? K
ITA] LA, FEJFOR i i rh 5l it ) — D8 v WS R BRI AR
SRR RERMSRAE. TUIERE n WHEBRES N E, + AE,. fiRX MR
A5 B I oA KB B 18] A OC ER 4 2 exp[(—i/R)(Bn + AE,)t], 1A J2 LR Y R %
exp(—i/h)Ent.

TE AR SR AR 8 — BBt 8] T 1, B XA AL 227 & T K F exp[(—i/h) -
AE,T). RIFXAHF E B ot 8 — B, g5t 1 - (i/R)AE,T. 2T W, %
HVERS nhIlEN—HaERBAITEMEN

AE, = Vipn. (6-113)

SR R SR R R R, BIIR IR A P Z RSB A A SRR, U Eid
S—BriE R AR RARES AWMER. SRE, EXFELT, V I _H
THT F) 28 [ AR AR K.

I b AR R T B B I, BRI T A

. ax 2
+G/RETY 1 _ Ly _) .
T pte
Zanan/ / e—(!/h)(Ej—En)(tc—td)dtddtc (6-114)
7 o Jo

AR EAFIF. EFEIE_HIF j =n BT XT X455 2 TR T4
JET2/2. X F j#n WS FRFEES BN, K512
1 i [VialPT

FO/RETY 1 _ iV T— — V2724 Z
e nn A nn 2ﬁ,2 nn + ﬁ.j#n Ej — En

1 — exp{—(i/R)(E; — E,)T}
[1 T (/h(B, - BT J | (6-115)
ST A IR exp(—iVanT/B) HIREFF 2 (51— B). AT
H5— A (WIE T T B8 —90) A LUARRE S — b A LSS, B8 AT A B R 3%
PAFR Vo, A BB T, 5 e R IE, T EV OB RE 0 — BT, 01145
AE,=Von— Y Vg Vim

in i~ B

(6-116)

[159]
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AR F G AR RS R B AL EME —B) B IEM RN X4
RHEGE T 15 A 5 3RS, Bk

(H+V)¢p=Ed (6-117)

(e fife. st 3T (6-117) ARG ik, AAirx A IE ST R E Ry, K
i, FATLE X B A H #9245t R RIE 6], A RS h—A 5 RE
R A ) B 1 R A K

SEBR b, A — S ih B R R & A B 5 2% [R] B, XoF T a3 4 a) B, W BRAE
AE 5 0 7 ok e 1T B AR SRR L o IR b T IR AT AR I R AR RE, kR
HHHE-REPELT T, 77 FEH&T. KRG, RERMNCHE, BEISH
BEZME E LT exp(—IAET/R), i L8 R8T X G F X A48 58 R FF
X, X, AT IS AE BIEHEREXT.

AR EAWIERX (6-115) HE)g —W. HRE E; M FESX, WA
W6 25U s o (6-116) KRNI A 23 B B R . AR BUE B 18, BLRIRAT by
m # n B R (el BUES AR AE, HB-2 AT LAGE B8R, 33X AN B i3 r= 4 — AN IE H T T #58%
W, HFFEFR (6-116) —4 W s iE

AN Ep = —iny_ 8(Ej — En)VpjVin. (6-118)
J
HREA AT RER A X B8 ¥k — S8 1, B e 2 o0 i &, 1 68 & 20 512 L.
AT —ihy/2 Ran e (Hd h/2 BATLRFE) HE H

ihy V. Vi Vin

AE, - =y, -y Tnin ¥
2 — E; — By — ic (6-119)

XERELTE n BEREMFIE A, £33 — DMK BEFIELF

exp {—% (AEn — lh%) T} = exp{—%AEnT} exp{—g}.
BT HETRERBA FANETFESBRE BRI T 25, &FTEn PHH%
FIE | Annl? = exp(—T). B BERS [E] 1T T B, H Ry 768 —BEE), #A NE n BKiT

B HoAth 25 i) SR B a0 SR — D5 B0 — By, Iy SRR S n BRAE 3 )
BB B E S X T A B E R SR, B (6-118), v K

27
¥ =7 _Vinl*8(E; — En). (6-120)
J

TREMNER, S 8RB 2K (6-87) X AT A Al fE AL AR M, B2 FFE K
VB
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v 1B BORR A 3 RS 9 B . ks i, B A R R SR A o
ARG RADE RO LR, BBEM AW E &R v/ Fan, I Ay.

G RPN RER (A EEF 4) WEEE 200 L IR L5, W 4R i
ARG, 0 A i T AR, iR 0 %) vhoC B S BB R 22, 1T S ik e G B RE 25 11
HARRHEE v B
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Ee
X

SN
Y

\5"

FERT— B, FATHMIR T 76 & 1 71 2% 5 G0 rf XhiR 25 oo A8 A5t A 2 ) 4
A WATHER TXF R ER IR B E ST XM RE PN H. K
WG 2k 2 R A R AR A, R 3 R &b FE T HE T B R Sl B oA A AT A B A
)25 fh i FR 5. FRATTRE 51 AT R 3538 1 — 25905, 5/ AT RESE i) 32 B A B
frEF ¥ RETREREUZEN X FSIANICSEHTAES —TE
SO — 28 R B X 2K PR O BRAE TT.
TR A, 8By (R 7-1) M8 Bh T AT — EE R BEAS i ) 1 ok
E CBRGT AR R A BRI . 58 Ak (1 7-2 B 7-4) b BT T 2 A —
SO TSI R G RS =4 (B 7-5) £ R E X HIBKIT T S
G W EF RIS E LR F 7 2FBRIE 0 b 38 07 1k 2 18] 1 56 &
BJE—# 5 (0 7-6 MW 7-7) EEIL RS RN A TR BEME T
775 18] L.

-1 RIETTHENX

— AR S RG] A A AL AT AR AR ZE R BRI % 4., RS
TR B Y (2q, ta) IR, FESG—BF 2 th, FRX DB NS oz, th).

FEIL 5 — i 2, BATHR H — A BB RG A FRES x(ao, ty) HIER
FE 22 /0T ARE S T P A A — RN WL, R B AR G AL T X 4 R S
FIEHTF

[vmwme
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v % S (3 48 2% W 9 F 7

H A = B8 HUE, £ B T4k RGEAERS 2 t, AN %] ¢, 2 6] 4% 3% 19 12 3% 1
K (xp, th; Ta, ta), BREL @(xp,tp) AT LR B BRECR 7S XAE, BIREE R 2R
R RAG MR, AT AR B R (0, ta) AT, HAEHET Kb a)
i X — ik [a] Ji] B3

15 1) £ A8E 32 R PR O BR 48K R0, AT 45 PR B R, AT H G T
Ric5:

(x|1|y) = // X" (b, ts) K (b, @)(z4q, to)dzdxy. (7-1)

Fe A BB X BT R AT E A B iR, B E G HE & S ki
ARG AE P[] 5 22 (8] @M. XA, FATIEREMREE N

(1) s = / / / o (@b )6 (20, ta) () Ao ds. (7-2)

Hop 3R AT B 45 BRIE A R R B InART S, #on TH 8 A0 B 46 45 4 FiT B, 3l (i 447
S WA — L B AR R Kz, Bz, BRI, XA AR LSS R
1 A~ 5 oR B, A P S B BIR P Xt s ) AR R

et it 2, AT EEE g E Lid 5, RS %E 0B &
151 AZ 6k Flz(t)] i B AR T B . XMz R ATE X kit o
H

odFvs = [ " @y ) Fle(0)]e5/™(xa) ta)Da(t)dzadzs.  (7-3)

Hrp F & 2(t) BARfTIZ R, REZEZ RAW K 2(t) TR zq 3K 2 LA B S A7
ZHNAE. 7E F =1 MFFSRAE M, X (7-3) PRI 8 X —A BRIE A R e,

1E WY K EEEEGIRT K. A —THERENERE XA
WA, R A/ FAER B3N, FERIRET R ¢ = to, BEFALT 2. FAT
A BUETE t = tp BT ZPRLF BI3K AT o MUK, X F &7 01267, IRATHI UL
WHEABIE TR R BIEALE. X, AR FHE o BUFRX (7-2) 91
F) AR R ) (a), T e LT x(zp). BLAL, B F 72 (0] 85 A4 1 22 5K % 40
SMASHAER 2, Moz, 57, TAEMMN LM EBERATFEX—1.

FATE % JERL 11z 2 1) BT A AT BERR 2 R R X 2 ML ) B FH — 1> B 8
KRG —EEERMAL, XA R E R T LRI E X R ER, RI5 X
A X S B AR M AL ST R AR . XL E BB T R AR (7-2) B
F T50

exp(iS/h).

[165]

[166]



[167]

128 - FtE K T &

FEXA A, AL BEAHR BN A, TEM 2, B 2 + doy B9—1
AN A I A 2 SE, BRIV A R P(x), BRI T 213X oy B
(B 2y + dap Y X 38) A XA 3. XA R B T30 (7-2) 9 ¥(=a) A1 x (@)
S B W) O oR B A BR A HE R R,

PAEFAT) A AN TE B 2 59 56 Tas sh A 1E 00, AR H B8R B 3K 2 B9 A XY
WE. il 4, AT LA B2 4R B RE A8 FE A 8 I 2 (HeAn T 4R R — ) B 252 Y fin
FE. AN ok B 7R 5 B 0 B R 2, B AT R B AR A4 hn 2 R R AR R E X
P8 AR M 3 B AL eR O AL X RE I A 2 260 T =X (7-3) BERIE T, A G
PE, ) an e B a2 ¢ fohnek B, BT (7-3) AT R Flz@t)]. HYS
2 (7-3) FRAH BL A A2 AR 43 AT g X > 22 B ] fE.

TEA T 19 HARFR 43, FATH N A X R 2 A, IF B FRATS 8 /R 1 BRI o 45
SINACE Y. R AUCAE, B F O FE P AE R BOR R R B, 4Rk
AT ST .

TE XA 28 HL 2 (0L v i 1 3R B4 8 A7 B 32 20 0] B AG B AR RS B S B | R
WAMMI R BAITEES+ —HEPhEAERE. BERIMES THEARE S
IR B9 BRI 18 3 — 2P SR R ST R

Mt A R A E B AT S, B S = So+o. TR,
B — B So R A BT, RT IS o BB/, LIBIRAT AT LI L
Jrk 82 (7-2) PR EE N

exp (1%) = exp Q%) exp (%) . (7-4)
ML (7-3), R (7-2) BIBR T 0 AR BT
(1) s0+0 = (X1 1h) 5o (7-5)
L T 45 R B, i
(1) siso = (U)o + 3 iXIoti) s, — s (XI5, +- . (76)

XA I AR (6-3) BIHES, I HIE UM 0 5 Al 76 28R+ %
fia) 250 v A BR O G AT X A R I = A5 1.
B AR & o i PR = Az, B

o:—/bVMQﬂd, (7-7)
O B 24 6 — B B
ty
uww%=—[<nwummw%w (7-8)
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KR HAE, TR H R
(x|V[z(t),t]|1)s, /// X" (@) V[2(t), ]/ Pp(z,) D (t)dz dzp.  (7-9)

B A — £ 5 AR (6-8) B (6-11) 1 F2 o 1 1R 59 X i 3% +
KW 8k —Fe. 3B A0S 2o 5 e FATFSY, BEXT A S (#EX (6-10)
Az, ] AT BV, iR Bl A R LA

AV [2(2), ][) 5o = / / / X" (25)Ko(b, &)V (¢) Ko (¢, )b (2a)dzedzaday.  (7-10)

RERMNELEHH - PMRER, EHEAEHSIAN=ZMHEERE —ET.
HE BAEAE TR (3-42) R E LA R ABAN. Kk, e LT
X (5-31) P& XHBERFEE, CRAHEEMABAAEIRE L, U XEH—
AMERBEHBMER &5, WM ARAREENA T EHENEE T CEERT
K (6-11) P A B — L. SEAXEMEA H T (7-10) FHEKEIT. X
MW T RRZGHR A ¢ HE, ZER/NYH V(e t) FEAF, &t — Bt )5,
EEXxPRAETHBE (REV =0 A EREE x, BRE (x|1v)s, =0).

LA K (3-42) SR E RIS, ik S5armm4E & X (6-23) MiE 5
A (6-25) RFRTE B B —3. 2 LR Y(ze,te) M

W(xe, te) = /—oo Ko(c,a)t(z,)dz,, (7-11)

R A B R A BL R o 06 R A 0 40 o, BB T B K
i 7 L & X -
1 o ) = / X" (25) Ko (b, €)dzs, (7-12)

ERERAEMMERAERT, St b 2B RECH () B t. B 200 R
HB L. (B E A (4-38) A XM, 4R 4-7))
FH 3¢ 6 37 A 33 o B, A R R X o K — Wy T AT LA R Ak

<'/ Viz(®) t]dtl >S0 / ) / @)V (e)p(ze)deedte.  (7-13)

BATIEXILFE F, B R X AT 2 09 BT M08 2 6-5 51 AR BRI %R
W A BOHET™. GRS (7-13) A7 1 09 B R O A AE 5 8, T6 4 745 B (9 BR o F
HEHIE 5 (6-70) & LAY ML) —H#E.

OB, SRZ BR Fla(t)] WBRIETC I, o835, SR X A2 i 0 B 1] B4 3 R
TEEEfTE A, © RS o A ER 2 ¢ A X kR BR o) MEE

[168)
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R, th2E 5 R A HE P A AR B 2 o Bz ek A9 BRI 7. 614N, 78 = B ik
HE B MO BRI

sE s = gz [ [ 0dVIE®0VieGe) wpdas. (714
EAPBRREA BRI T, TE N
(Vi) 0V Ia():slle) = [ [ X @V Kale, )V (@pp(@dnadze,  (7-15)

Hh o tg=s Ml to=t (Hs<t), U ta=t Mt.=5 (4 s> 1).
DORE, TR B TR =X b A B 30 A AR
‘)
So

% <X‘/tbV[x(t),t]dt/tbV[I(S)as]ds

= on2 // (c)Ko(c, d)V (d)yp(d)dzqdtadz.dt.. (7-16)

ATLAE h, XN (6-74) Frg LERIEM R HE. A =AM 8 EZ R
HEREXBESHE L.

A (7-4) tLAH R F 5 — A — KGR, BN, & kT 5 IR F A ELAE A
MRS, 2R S 4k F 9 A AR B LA, B A8 BIAE BT LS I So + o, R
i (ZF T 3-10)

— ty t
0= gr———> / / g(z(t),t)g(z(s), s) sinw(ty — t) sinw(s — t,)dsdt, (7-17)
te Jta

Hh gla(t), t] RAWBF Sk FHTAERARFE, T =t, —t,.

MR, WATE 218, RAELPR T B G5 a0 & A 4 2 0 iR U B
JEANSR AT AT T o B9 R M AR /DY, Al LAATSR (7-6) b 9 B R T
, MINE s e RT A IR G5 2R, O T 25 () 5 B, FRATT 4R H X A~ e 7 U g
Brot (B0 —Br s BOE). oo = (7-17), SR BT (1/h) (x|o|Y)s,- X
T LAS R

s, = et [ [ adatat). llete) s
sinw(ty — t) sinw(s — t,)dsdt, (7-18)

T [ 250 A% VR HE S 404 R 4R

(xlgz(2), tlg[z(s), s][¥)s, -
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HEFAMCLTENX (7-15) Pl XM, IASEL V HFll g HIH,
A

(xlglz(t), tlg[m( ):s]1%)
//X (C c) tC)KO(C d)g( (td),td)‘l/)(d)d.’l,'ddilfc. (7—19)

EREAATUARARX (7-18), UERG - BB EMUNREESR
(i/R)(xle[¥) s, -

7E LA SR 25 55 b, BRAE oo b i B8 SE A % 7 48 ) 5 A AT U LB
BRI EHET AT E Hil, AEFRAWHAE, HEMUUE THEEER
HAZ. SR, WAL R EXEAFQEERASP, XAWIEB. H—, A
AR E T Z B WAEH E B XR. XM XRTAERFHFELN T —
AR AR B, HAFZACERE T EEARNR T H¥EMICS,
PAAT M A R Y 32 7 B A 5 BT i T ) 378 22 ) 28 8 9 7+ 03E [ 4n (7-3) B
A FIEX] BA @A H.

H T A7 38 A AR e R, H AR AR 43 T vk B A B0 S L EE PR A A AT DLRTE
LR ES R A e Y

AFEHRMIF TR XRASMARREN VS RA TN I REOEA T
KX R AT H T E XBRESTTH R Wik, RO/ 5FiC S, B = 4E
5B REA RHFFBRARIC. X, BRETCHEAE (F)s, AT (x|F|Y)s-

72 ZHRSH

EBMEFREESHRKITZAEAMN—-ITEEXROBFETHE XM XR

—PEFEME — ZERRH — B EEENRES B FERE
Al REH A BBIZ R, ITUARATEX — TR E.

XFRATAT LAk BE 0 18— R z(t), 1Z 0R Flz(t)]) 4 — %80 FAT0T LA
) WARAE 3 22 R4 2(t) P — 1R /N BOAE, TS A BAE 1k 22 K We? Bt F
— A n(t), Flz(t) +n(t)] — Fle(t)] BZK? BB n — B 8RN GRHEFEAE,
FE) Ry R -LMERR, b /K s)n(s)ds. TR K(s) & Flz(t)]

XTF R z(t) ZBALTE s MeWIZ R FE, T B R OF/dx(s). BN —Fr, &
Fle+n] = Flal + [ grsn(o)ds + (7-20)

dF/dx(s) MR GEE z(t) AX, BT s MEA X FILLER z(t) MIZk, b

[170)

[171]
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Bt s B9 R

AT LU 5 — A 7 ek sk 22w R (] 4 /N BB K € 8035 2 45, B Ji) Y

(E2H ti(tipr = e+t;). BAEA LUHAES — 0 2] ¢; R o(t) FTBUNME o i

PIHRE. B, Z R Flet) RSFTH o BXH—D8 EERT A 2,
A8 3 3 pR AL

Flz(t)] = F(-- , @i, Tig, ). (7-21)

BRTE AT L 2% 8 M X T A M — 25 (0SB OF 0z, 15 R B8 B 4

ABRLL e FEHLL; = s, B
8F  10F

dz(s) - €dz;’

XA R TEHAER. WRKEREEMN zt) 3 =) + n(t), WEKE

oz BBET z; +m R g = nt)), Bk, %0 GR K— N, R
F(oo 24, i1, ) PRI—Fr 2R

(7-22)

oF
F( - @5+ My Tiga + Big1, ) — Pl -+ 0 %5, Tigp, - ) =Z£m- (7-23)

i

BAEW RS (1/€)(0F/0z;) = K;, BB 4 LRK AR
Z Kinie,

IR R A2 A /K(t)n(t)dt. FITEA € — 0 B, XA BRAFTE, W 'E 55T 6F/dx(s).
AATE AT LLE R & iR AT LS

aof
df = Z G—%dli,
3

FATHL AT LA R AR 2 R 2L — B 2 o
OF
ox(s)

H dx(s) B—EETE x(s) AL BT 21k,

OF = oz (s)ds, (7-24)

ty
EE 7-1 m%smm:/'m@mwmmw1W?EMEu§wuwz
t

A s, A ’
B (o), o
dz(s)  ds \ 0z + o ( )

Hfw S8 t = s ZbAY1E.
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& 7-2 W Flz] = z(t), uE¥:
OF

525 = 20— ) (7-26)
& 7-3 Uk
Flj(r,t)] = exp{% ////j("‘htl)j(rz,tz)R(Tz —71,t2 — tl)dsrzdt2d37’1dt1}
M9 R T80 T A4
OF

.
8j(x,s) F//J(T’t)g[R(T—z»t—S)+R(m—r,s—t)]d3rdt. (7-27)

HER: R G(r,t) RVUANEER (rg,ry,72,t) BIREL X, B (7-14) PRTEE
BB A bR s A4 AL DR (2,9, 2, 5), A RE B8 L€ 12 o 5 4000 2 UM
) K.

W B 8 F/dx(s) BRIT B 243K, AT LLAG B B ATTE R I R AUR B 592 R 2
(6] ) o 5C 2R T iR T AR A 5 MBI AL F R

(F)g = / Fla(t)]et/MSEWIpg 4, (7-28)

REERAR T BEDIEAR o) 88 z(t) + n(t). XF T B &8 n(t), Dlz(t) +
n(t)] = Dz(t) (AR d(z; +m:) = dz;]. (BREF AR LS FEHAFA ek 28, BT LU

(Fs = [ Fla(®) + n))et /St 0lps )
— [ Flee)e/MSE®I Dy OF  ds| ei/mSiz()]
_/F[ ()]e/MSOlp (t)+/ [/ o (5)d ]e< /WSO Dy 2)
+}i,b / Flz(t)] [ / %n(s)ds] eW/MSEODg(t) 4 ..., (7-29)

JE I 18 B R Bn B — B, & B TR A ML s (F)s, R, F6 AR T 0 2 4
FTE. FEAR, SEM n(s), —BrILIAE, TREBIXAK

OF i oS
<6x(s> > LR <F 52(9) > (7-30)
KA B RS EEN RS

H (7-30) SRR & R E BT A2 e AR AT RE M. nf LR Sk #E
T (Ranid) (7-6) . AR FESR AR R T SR HET, A8 4 T DUR X Fh
HETEIETLE exp(iS/h) WP H/E A& S B, 30 thifF hi & (7-30) AREERYTE X

[172]

[173]
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Mg, M IE S5 HEIE. J. MEiEA& (J. Schwinger) & #5321 i =X (7-30)

AR E T AR
FATAT LLE B (7-30) < R0 Al iy 55 — R 05 20 A, I R 8 SR A
(6] 53 B/ INET B e, AR T ¢ RO o B9 SR AU Z R AR5 25 IE R AR AR 2>

oOF
/a—xke(l/h)S[Z(t)]Dm(t)’ (7-31)
Horp ty, REA AR 2) EIerE]L B2 5 EX rE A o MRS F

& 15

oF i s
ZE W/MSEBOIDp(t) = __/ P oli/m)S®)]p 39
Bwke z(t) 5 F(’)xke x(t), (7-32)

HpB &k T HH K.
B 74 PHENH AR MAHERT.

a5 R R - ' .
1
<aa>5=‘ﬁ< aa>s’ E3)

5K (7-30) BB HIFE N E.
e XA K R R E I =

(5F)s = —%(FBS)S, (7-34)

RO XA FE RS F RS BT H 0 4 A i

E&m 7-5 AAFSUL: HRRX (7-33) HiEH T H AR R (7-34) Al g
51 R 1R . BERAE R X — [A] B, B N B 53 07 FH R A A B4 AR I 56 2R BT A8 10 45 R
Bty (OF/Ory)s.

7-3 FIEE4ETKZ B AR IE T

KAKX (7-34) B ZEEG G HP AL S SCR RS P HrsE. AT
— YRR Viz(t) iz sh X R E B E.
DKL AR b iV A il R U4

to .2
S = /t 1 { % - V[x(t)]} dt. (7-35)
TERA AR BN AL dx(t), 451 (B—Fy) &

55 = — / " mi + V' (@)]a(0)dr. (7-36)
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FHX (7-34), A

®ms=—%<FLﬁmi+vmmmum§. (7-37)

eIk, FAT AT LA 2 E R (7-33) B A . BIAE R
[ AR e BFZ /DB FERIEOL T, fEHE S ATLAS

N-1 (LL‘ . .’13‘)2
— St et AN , ~
S = ; [m = V(I,)e] . (7-38)
LR PR E R Z tr, MLLET—FF, 2z RHDN Y BEEALE, N
as T+l — Tk Tk —Th—1\ 1 -
= ( ; : ) V' (zk)e. (7-39)
WK (7-33), 4%
OF e T+1 — 2T + Tp—1 / .
<a—u>s"ﬁ <F [m( & )+V(mk)]>. (7-40)

L, pErP s & MEF LR E2TERZ ¢ MR 2. B, X
(7-40) & (7-37) W— 6l RS SN TR (7-37) XA t £ b,
dr(t) REMEHN. 4 6z(t) FT e dxp - 8(t — ti), MAEKX (7-40). Lhx Lk, A
KK (7-40) XA k MO, FTUAE 2% M TEFHMAX (7-37).

HEX (7-37) P E—-FERB F=1, M 8F=0,3FHA

% </[ma: = V’(x)]ém(t)6t> =0, (7-41)
R X AN G5 R AL X AE B B0 8x(t) BN AL, Fir LATE BT A B (6] Wb 204
(mz) = —(V'(z)). (7-42)

AR S MR 4 WUE BRI . BT 71 ik B BR T
JCHI 2 A, XA IR KRR BT LATEAE AT B 2 f) S X7 i BE AR S5 HR
IMECE 1A, #2% TR — B 2069 71 (B b BE) BB M, Kb <3
JEXTH A AUE exp(iS/h) B2 BEEE .

ER A —HIF, B F Rbo, UAMNTANBEEROFEEEETZ R, N
A (7-40) WEBRZF, I B/ (FHHR dF/dz, =0)

T — 2z + Tp—
<F(Il,$2."' \Tho1, Tht1, - TN M2 ezk = +V'($k)]> =0.

(7-43)

[175]
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XANERFER, mi+ V' (z) A BEEYWERTTENZ ¢, FTF, B#
X R LM BZ s AL, RBEXMZ RS A XHZ] t, /)AL E T L.

SR, WX A2 R 54 B 21 /) B4R 0 B X, SR RBEXNMZE F
B2z, W (7-40), A

ie L — 2% — Tp_
<1> = E <mmk k+1 Ezk k—1 +mkvl($k)>

== <mxk ( el % _:“"’“‘1> + eka'($k)> L (T-44)

FHEH V(z) BT R B e — 0 B AL PRI & B, 5 H A0 e, 7T LA 2=
exi V' (z). GiRAE

<m7—> - <m—_> _hay. (7-45)

€ € i |

THX N EXUEMNELRE > MshEZE me WA EH TP, shE
FeRAE R 5 BER] ¢y + e/2 FH L 1 £ 1 35 SR A9, T2 B B ¢ B AOME. 7658
IR, A B R ¢ BYRE, (B ShE AN TR e — e/2. XANHFRFTH,
o7 B AN 3h B 3 AR ) BR 5 T B e T 33 R A 8 A s [R] B A I

HiE, ¥R 82 EH HOBER LS, ®ATEF R, M TR (7-42)
BB 7z 3h 7 B = (7-45) KB AT 5 LA AR o] LU Rl — A L R K (7-34)
HE

BATAT AN (7-45) R - HER, EERMNEFTEM THE T
R R IR T A X — AR AR, B T T B T

<mkmm> (7-46)

€

il
<a:k+1m$k+16—_$k> . (7-47)

X P E AR Z 22U e Br g, oA ENTREMZE ¢ MM 203 5 1 R —
AR R, BATA M b AT LUK (7-47) B (7-45) R T HERE

(mEH =2 ) = 2. (7-48)

B TR EE N

<($’“+1€—_$’°)2> = —%(1}. (7-49)
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XA R, HE KT T B R 1/, FIk, X e B TEM, BE&
I K XA RBWE, X TR T 12507k U, 520 B AR IR LA
fab A B E AL R (ELRE) A, TR R A R Al /N B 3 9 AR 4 TE A ) BE AR, A
B 7-1 O E R R, L b, XS TERLE AR FAREAE 8 F 5 3, X H
RER SEH hE @ T2 MK

okt — A st (8] (8] g A, 8 SCOF 38 R (L anvh) [z(t + At) — z(t)]/ At,
M) H <SF ¥ FJF R —h/(imAt). B X — A% A (8] (8] B& A4 3 B <SE 17 SE
(B2 BR ), fEL 24 (7] o 28 75 B8Ok i A e, T AR A8 Ok B K.

XEW, BT e e W AR, R, 8 X % 8] 6] BE, 285
) SEH (B8R R B, X 2 TR M 7E — BOR 244K A9 B ] P R 4O B 4, AT
FEAE T — A Y B R (B R ).

B 7-6 XTE=4E[E] (z,y,2) FIEEHAIR T, IEW

(ks = 20 = (e — 90)%) = {(zrsr — 2)%) = — (1), (7-50)

(@r+1 — 2x) (Wrs1 — Yk)) = ((Tr41 — T )(2kt1 — 21))

= ((Yr+1 — Yk) (k41 — 22)) = 0. (7-51)

B HE A BRI T S A

(zpyts)

(zﬂ:tﬂ)

T

Bl 7-1 BEF TSR 1 A SR AR 7 /)N B O R B SRR, dn B R TR, E e, R
Y g R R RE ), 7 3 P AR AE A RS AR B U, AR R R T G

[177)
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() e

EATH, A e BmEa, XN ESZ BTG K. Infl 3 3) 68iE X4 M 3R
KA WE? AT AT A — A S & SRS R AR AT B 7E 5 R B
R B R F AR EER. AT T At kA8 B sh e n Rk
FHREEREAEEEE R At WEERF 1+ (n BN $3h, WAEHER
B nAt(m/2)z? Pah, XNEIERTEE RATES B WRAELE BN m A2 F]
m(1+n), BA—B & (0)s, EHHAER?

SR T AT R AL, AT A HE R () g B i e SRt (] 6] B B ST BB K €, T
= —Br IR DL en fEZBNEE. X (7-38) B S PHIMIL (RE i=k TiF ) m i
Bom 4 nm) BRI en(m/2) (x4 — zk)? /2. HY m AR, BRI H 5]
BOTUAREEEAG. B m BE—LEF A ELT m'/2 24k, TRH
WAHFT (14+n/2) BT, BT Y m 2k, R ngs—mait

B L1 e /5 A | .
%<?($k+1€2 zk)” E>’ (7-53)
BORA AR i/h TS RETE .

AR (7-49), A AATRETH EXNE; HE Y e — 0 B, X (7-49) #
TEE 1/e. FELE, Y e BmEar, 2 (7-53) PR EARK. @ RBIFFEH
il PAE G X AREA X (7-40) F2 F Rrgpr — o WREH ¢ R
Fr o, 45 R 2

<% ($k+16— £L‘k> (zk —exk_1)> _ <% (@)2> + 2—?6(1). (7-54)

TR LIE XK (7-54) Z£ 318 3R BRI IC.

HTIX AN G5 R A L, B4R B AT A L 15 BRI BRI T, A 5 B9 7 KK
JEA X L A BE B e BN, L o 1 R BUZE Y D S ) A it 221,

TE — LE B ] B[R] B o, A I A] LA B T B BRAE . X T I b R R, £ 3
IIAESY 7-2 4 J 40 BRIE 0 2 8] 9 5& R =t vl DL 753 31 [ AR 45 R ax sb e R =l
LA ) 3 ATH A 56 T BRIE T Y AT A o 5 AR BATK A LR, BES R
), X AT vk T LLUE B0 T Z5AR R B, DLBCE BT SEBR B IR AS +43 HRHE

BB, ZE— AR TFEEANEEERT AE o, 8 2, 15
JE, ik AT M AERS 2] ¢ (2 E [B) 2(t)] WERIETC. MRXR ¢ ME— R, I
HERA

(#(0)) = zo(1), (2(T)) = zp(1). (7-55)
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PRl S A AT T OGRS 7 23 1) A R R R (BB AR ), P A% IR X
(7-42) P EERIE TR B S BRF. X &, Bl s

(@(t)) = |70 + (20 = 70) | (1). (7-56)
HE, A e AR o(t) W B MBI ().
BB 77 E: X R B 4 R A
(@(®) = 3(B) D (-57)

YER— AT A H W EF, AR EFAE A w7264 T MERE T
(z(t)z(s)). T X2EWETE AR E, HATATLAEET R g(t,s). XF t 01K
S ,

d%g(t, .
982 _ (e (na(s)). (7-58)

L F = x(s) fRAR (7-40) Lol AR H XA BRIETT. XY s # ¢ A, BT
R (7-42) Witk R E —(1/m)(V'[z(t)]z(s)); M s =t i, B FHK (7-44)
KgAK B, 2 (7-58) WERIEITTH 1/e B, TE/ e RFRA, FATH

&g(t,s)
a2
HAAXMTFEHBR T, HESMETLK, FrUd= (7-59) A% T AF. g HK
J5 F2 ] DL a4 A O DX 48 oy P R A SR . 24 ¢ < s B,

= ((0)a(s)) = 2=8(t — )(1) — - (V/(a(®)als)).  (7-59)

9(t,8) = a(s)t + b(s), (7-60)

M4t > s Af,
g(t,s) = A(s)t + B(s). (7-61)

K, 2t RANT s BEIRAT s B, BB g X ¢ 09— B T HLBRER — 1
it A(s) — a(s), T B (7-59),

A(s) — a(s) = (R/im)(1).
SuR L)

(@(0)x(s)) = za(z(s)) = zaZ(s)(1) (7-62)
(2(T)z(s)) = zpT(s)(1).

[180]
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XA KA S B E A R LA E 204 B % a(s), b(s), A(s), B(s) H 2 AT
a0 LU R g(t, s) Xt s BHRG T 2R A8 1 € A
d%g h

S = o-8(s — t){1), (7-63)

AHER g(t,s) AR t M s BIXTRREEEL. AATAT LA 458, a(s), b(s), A(s),
B(s) WARERIE s ML RE. BUTE N R 2510 2 AR 8 X 20 1. 45 R 2

[z(t)z(s) + %“TT_ 3)] 1y %i<s,
(z(t)z(s)) = (7-64)
[f(t)i(s) + %S(TT_ t)] 1 Hi>s.

SRR LR XA REERK. 22 (7-59) 1 (7-63) Gl % T
T n] 15 B R AL PN BOA [ B 20 48 3 B A2 A SR AR X A SR IR T R Y
file, FE0h R LB D R A& R (7-64) PR F A BB —TURIEF R T2
(7-59) 1 (7-63) Y FEME, T 7 b e N .

A~ B [] B 20 B0 40 9 R G AS A 5 T A A T ) Y 40 L B AR Y 7
(R FL. A —A /N B I, B M B SRR R . X BT S
F iz sh R A — 3 R & I 7E A 18 2 o 4 2 (6] 32 sh kL 7 80 &
— oMk RiEg), AR EANA —EMBE A KMl B BB iEsh. /% 8
PN [R) s 200 467 S AR A BRGE TG Y, A icfE RS EH R X MR T
B, AT K BT A A IR B B 42 R BTG T BB RO B, 1T % 58 B X — AR R T X
AW I HA AR R S ) S 5 A AN FE A H A R BB

01 P — YK O 2 DL B R GE, IR 4 B AT AT LA i B A X A 45
SRR . BB T B B AR A oA 2 s B A K o, AR AFER i 4 ¢,
x 1 CSEXE AE ARG R FR 6 F 3 z(t). X B2F 580 m e 8 KA KR
. LA SFH R R <R EA TR

FE 33X A FUH At — b 28 BORBL R R o, IRATIEAS, Pt OF-357 2 & B
FAUE R B exp(iS/h) K8 LB, XAHUE R R IEEN, FE EEREK.
XA, FATAS B X o ali B ) 2B 8 RAR S (7-64) THIREE, b 4 A Y BRI
J2 4l i 19!

] 7T-8 Y FA R H BN XN T2 iR T, KB (2(t)z(s)) =
g(t,s) MR . W B g(t,s) B R, 22 F m A0 3k 4% L BR
it ou:

(z(t)z(s)) = g(t, s) = [2(t)z(s) + G(2, 5)](1). (7-65)
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FH—1TFEW G Hims z, M2, oK, W5 7R [HBWHE (1) LXK
G(t,s) WA LR HUEA (T =ty — ta),

h sinwtsinw(T — s)

i wsinwT St <s,
im W
G(t,s) = (7-66)
h sinwssinw(T —t) W
im wsinwT '

74 ZREEREN—MRER

WA, WURAE AR S 2 KR, 3R 4 B2 5 W I & 1 R B TT. X
SR R TR AT, R B 60 S TR B R B 3 1 — T R BT B R
S35 MR B flW BoREMNERE S A5iE
exp { (i/h) / F(O)z(t)dt} MBRETE, b f(r) Rt FAAE B BB X AE
i B3 5 T LS

<e(i/ﬁ)f f(t)w(t)dt>

= /// X*(.”Eb)e(i/h)[5+ff(t)‘"”(‘)d”d)(a:a)Da:(t)dmadxb. (7-67)

ty
WARFEEHE S Z2EHae, MEHE S =S+ | f(o)z(t)dt R ERT

. TRA 3-5 Wk al LEH R (7-67) AA M BEERS. R 5/, &
YERI & S B, IR A K (7-67) H B AR F4r 9 B F exp(iS7,/h) AT AR H
. FF BB R R B y(t) MBS R EAY, y(t) 16 704 B B T] 18] FR PN 2
FE. (FATL 2t) =2(t) +y(t), Hb z(t) BN T HRR AN 2 0REE)

K AR y(t) MRS RE f(t) Bk, AR EEARE S b R
5 x(t) MDA, RIMER BERX 349, M FHBEFRS REGE S H
ZWRIER S, ST R AR S B RIS £, XEWKRE, & (7-67)
A B R AR B AT UL S — SR B R SR LRI O (1), R E

<exp { % tt f(t)x(t)dt}> — (1) exp {%(s;, - scl)} . (7-68)

Al S, —&H i, RES ) HETFEHRT UM EBIRME S X (3-66)
HhE SCRY A2 30 T IR T I/ TR R XIME R ST, BRI O

182]
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el 7-9 B ERESRUEY, A iE R T EH RN

ty
§=1 / [? — w2z?)dt
2 /.

Ul

mw

<exP{% ttbf(t)a’(t)dt}>: l)exP{%m
[ / Feysin !

f(t)sinw(ty — t)dt
e [ [ 105 st - simets - asa]

o zg, 20 HIRTFHIEE | RKELTF.

M (7-68) 45 i BIBRIE G, A1 ol LA 55—~ 2453 o(t) 24 5 M EKT
Jt. = (7-68) WL AHXT fF(t) TR, 5

(e {3 [* rotoae}) = 3 5o op {51 - 50

— Wgrbexp{ p(su =S} (769

i, 2 f(t) =0 B, HHEPAKIE, 53
85!,

o) = gt (r-10)
A TR, DA =B
2 2 i
@) = 0 (1) a7 @ {360 - 50},
B h 328!, 85!, 85, .
- T ermem + 51 6f(s)]f . (=)

Lhr b, Bl S, RA fFRZKI [(B2ERX (3-66)), (EMEA o lﬁ%ﬂﬁ’uﬁﬁm
#HAT LAE B T 85, /0f(t) B f LKME 82S!,/0f(t)df(s) HEEITH H k. X
AR T (7-64) A1 (7-65) LK, I AFE =4 « HFHERTE T,

[184] B 7-10 GERH: X FAEM R REZ R, A RITE T
(z(t)) = z(t)(1) 1 (z(t)z(s)) = [Z()Z(s) + G(t,9)](1)
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m
(x(t)z(s)x(u)) = [T(t)T(s)ZT(u) + T(t)G(s,u) + T(s)G (¢, u) + F(uw)G(t, s)](1)

WA 2z RHMEKRET.RZR: HA S, — So 2 f B RKBZ R, FHH
f=0NESETE FUERERFEEBR N

Sl —Sa= %/ Ft)f(s)G(t,s)dtds + /T(t)f(t)dt,
Horp Gz 25 of 5]

75 BRETEEHIES

FEX — WA — W RATEF B, AR T L% 0 3k REMB R iC 5 F R
oo XK B ERARRAXMBERE AN EEFLBEF T TENSE RS
il £ 28 S0 3 1) 5 — SR 25 R R .

MR F HEER 20 MR, HANTE ¢ B 200 K8V (zk), IB4
i = (7-10) 7] LLRIE Gnf] 253+ B E W ERIEST. Kb, & F 5 «(t) EBW A
] B 20 B {58, M= (7-15) iR FATZ A 4.

IERATE BT WSO F RN 6 B 2169 3h &, FF 0 A 8 A i) b0 sl K A
e /NBERYIE T B XK,

F= m“’”"—“i_—”-. (7-72)
FREREINA
(X2 = itxfoalvds - (daetvlsl: (77
2 (7-73) 4310 LA 1
™ { / e b+ als t +e)dz — / (@, )z, )| . (7-74)
PRAE s FH U 3 o 72
Ut +0) = 9@, 1) + o = i—emp, (7-75)
X (€)= x° (2, 0) + €2 = X" + [y, (7-76)

A 4-3, NS H BB T S WS & i, ?JIVAJEU@J e —Br, B
/ X" (@t +€ap(z,t+ e)dz = / X" (@, O (z, t)do

_E [/ X' (2, )z[H(z, t)]dw ~ / [Hx(z, t)]"z(z, t)dz| . (7-77)

[185)
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MR 5L (4-30), RIS XA BUN T LIS % / X (@, O Haw(z, t))de, 505 B4 o 4
BRI, A

(mil) =~ [ x*(@H - Ha)pda. (7-78)
h
% 5 F S R
1

AT LM T [ 8 4-4 45 R, TR (h/1)(0/0x) PR A ShBEFF, BEH
Wi, ERERRIE o T LS BEEF BICEFIN XA BRI H. 14
& mi W BRI TS B THREAF (R/1)(0/0z) AE x* Fl ¢ Z [, SiBHWE z &
BRIETCF M T = BB x* Mo ZE—F SRR L HBI S RERL, HiFT]
RESE T R B XS R R 3

x(p) = / : x(z)e™ ®/Mrdg,
V) = [ v/ (7-50)
& x iy BshERER, W] LIE:
/_Z x*(w)?aﬁ—f)dw = /_Z X" (p)pw(p)%. (7-81)
AR 7-11  jEB X — .
R R A — DT, #ET X4 8RR iE:
(x| = / / (20, 1) K (24, b Ta L)1 (Za, ta) dzadzs. (7-82)
MAEBREN oo MEB—T/NE A BFWHER 2, B
T, =z, — A. (7-83)

XA R o), A ERR z,, X (7-82) FHBRTEMBEIFASAE. &

£
ot = [ [ [T

XGXD{ ZS[C%H, i+1; Tiy t ]+%S[$27tz;$a—4,ta]}

X (zh — A, ta)’Dm(t)dmadxb, (7-84)
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Hi G FrHBeRs el (222 WHEEHEAT.
T AL S[ze, to; 2, — A, ta] F p(z), — A, t,) BT B 94K, IF R BE|—
B 3. 5 1) 2 4 0 R A B

. N—1
i
exp {h Z S[Tit1, tita; Ty ti] + S[mg,tg,z;,ta]}

=2

(7-85)

BS[IEQ,tQ,ZEa,tQ]
X [1 — ﬁA o, } .

HoA af, AR AAE &, BT LABRAT AT LATE RE SCBR IE #5500 1 BR 43 v 25 B AR i
R (7-84) B X IAE A A%

ot = [ MMWWmm—ﬁ%/ K(b,a)

aS[m27t27xaa a.] ﬁ,a'll’(.’.EO,, a)
X [ oz, W(Ta,ta) + F dz.dzy, (7-86)

HAPRNEE T XEMICS: & o BITHKE x(t) 55 2, = o (UR—/NEHS
] e B &L, T to =t + e

= (7-86) 4 55— WUE 55 F Zo il 19 BRAE ML 08, X B R E, BT M I
BRFE HERTFTHX -BEMANRETHHAE. T2

vy = (xip gty (e

A (2-22) W&y E, AT AN E - METRASMERRE. T2, X
(7-87) I BLE/E B S[b, o] BATIR AT ZBAE IR, EXF 2, WA FH
I g Ab SR A 2 E SC P LAFRAT AT DL

5 5¢’>. (7-88)

< l 0S[x2,tq + € Zq, ta)
X~ P
T4

(xlraldt) = <

XA (7-78) 1 (7-79) IR B A4 R —EE.
A B RlE B Z A4 S, n:mﬁ%m?}%%&fmﬂﬂﬂﬁ?ﬁam’ﬁﬁﬁ%é}ﬁm@tﬂEKJ
AT A BEOR AR T ¢ B 20 09 3 & 092 bR p(t). BT —BE A9 TAR R — R 1
SRR T ¢ LART Y #2009 A ZRFE 3h — A, Ebi”ﬁ$'h% (x|1|%)
HH) — B AR R X T A LA (xp(t) ). WX AR &, AT LAXHAE 3 & ¢
) S i sh Rz eR. AR5 X, o nT A A a) AR B 9 8% Bh 8 WA, B Rk
Bz R, EMIRATEAENT 7-7 P2 R AR RE.

[187]
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8 7-12 & g REM B REE R, EH:

<H>< )

- /_ X (oH — Ho)bd. (7-89)
g g R R B TE. W dg/dt MBGETEEM TR —(i/R)(Hg —
gH) + 0g/0t HBRKE TT.

g($k+1) — g(zx)

Q"u:

@ 7-13 E:
(mit) = —3 [ X (H - Hp)ds, (7-90)

XfF i AR A O s AR & A, I dA/dt FM T —(i/R)(AH —
HA)+ 0A/ot.

THEMNEEQE THNERREKX F, X P& R A kR E 1.

1 4
Fe m@zk. (7-91)
X 5 R Hy
(xIFlp) = / / X" (2,8 + 2K (2, t + &y, ybly, t)dydz
m o0

- X" (x, t)z%(z, t)dz, (7-92)

€ J_x
Hor ¢t =t 3R (4-2) Bik (4-12) B9 HEE o B a] L
[ K@i+ enniwa = 5@ - T, (1-93)
B, X (7-92) H A — A=
m/ (z,t+e)x (1 - %H) xtp(z, t)dz. (7-94)
M (7-76) " x*, A H MJERER, BRI LW, XML E

% /_Z X" (z, 1) (1 + %H) z (1 - %H) zip(z, t)dz

- QZ_/_"" X* (2)2*)(z)dz + % /—oo X" (z)(Hz — zH)zy(x)dz.  (7-95)
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TR, RIFH

(x m“k—ﬂe‘ﬁmkm =2 [ @ 0 - afeu(e, s

h

G —A X (7-78) 1§ . X BT R — BN & — 6 F: 755 XF R T AH 4k

A} 8] — 2R 51) & (%) BRI o0 B9 AR 43 8 SR, 7 24 ¢ R JRL BR i T A B[R] A A5 3

LEBERE FHNERF. WRECNZE BTSRRI FE At 25 R, W)L A

— K{ 80& % B A exp[(i/h)LAL}. (BN, Z2F RIE 7-16.) M4P M HL%E

Z 8] A B ) [E) B e A8 T 2R, WUAR R B K B9 BR I — 4~ & s, M Tmi45 X
FI).

N / " X (@, O (a, )da, (7-96)

B 7-14 WM (m/e)(Thir —ak) f (@r1) FEREMEREFEM T (f-p) B
ER 3 B 3R .

Bl 7-15 GEBA: X TR AHAEsh &, EARRMNGE A, BRI,

¢> = / / X"y, t)pp(z, t)dzdy

2
— / / X" (91) 55 (@, t)dady. (7-97)

Tk+1 — Tk Tk — Tg—1
X |m m
€ €

B 7-16 WR t; =t tp = s, WIF t; > tx, WEHA:

<X > // (z,t)zK (z,t;y, s ) ( ,8)dydz.  (7-98)

oty < tg, SR ANA?

Tk+1 — Tk

T;m

R, ShE&KFTT p° MR T pp, SP A8 4k 3 A 4 7 L) R & 7 e 7 — e
(BRAEE 7-15 FPAREE). B AMRL T — 1> B %0 3 BE 19 8T B 7 (x|m® (zhsr —
zi)? /) A e — 0 B, JEEH R mh/ie —BEBT R K, MET 7-3 £:51
e (7-49) F . TERBRIEL T, mh/ie XANRIER 5K (7-97) Z£ih 2 ]
922 SE PR B2 p?, B

)

(e

mh Tk — Tk Tk — Tp—
= ?(Xlllw) + <X 'm +1€ m—— !

2 (93k:+1 = 331:)2
€2

w> . (7-99)

Bl 7-17 R (7-40) KUK F = (m/e)(zhy1 — zx) E_ER.

[189]
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- 148 - FtE K T =t
-6 REBHHILEE

A (7-49) RY 7T HE VTR mR A R, B, R S EEER
FR XL, WA/ BN, —ASTEFLEE s sh R T, HBIA B H /R

L(&,@,t) = %].ﬂ? — ed(x,t) + -Z—a: Az, t). (7-100)

LEFRATIR p=0, FHBA S A B ML, KA. B So=(m/2) / |2t
o= <e/c)/m- Az, )dt B %, AT S T S Ak T A 98, 3 kR 1%
BT, XA,

i 1

<ew/h>so = <1>So == E(O->So - ﬁ(UZ)So e LR (7*101)
— B W ie/he F& T T A 2 1k 2
</tb:i:-A(:l:,t)dt>. (7-102)

RINA LT TR NEAILES. HTH-FEERE (—RIKH « I
B) X o, RETATLLHAAE, kHRETF

o= S;(mkﬂ —xi) - ATk, tr), (7-103)

HEEEF
o= Z Xk:(xw — 2k) - A(Tkr1, trsr)- (7-104)

T —A, EME M ESL N RRE A E o MRS HZ2MRME A FFEE
SR (i Ay), BITEM, As(Tri1, terr) 5 As(zk, tr) BIZEILLIH

0A,
($k+1 — (L‘k) . VAa; + €W, (7—105)

IR @ — o J5, ATRABURIXT A &, EXHR & B4R (43 & SKFAS, 68
FHAL e BTN, HRBRATHI R RELN, ooy — o T HHERE TR
e B HELE (BHEMME 7-6), EUE e B, A

he

(Tht1 — Tk) o

(Tht1 — Tk) (Yr41 — Yr) = 0,
he

o= 2 R
(Ye+1 — Yx) m
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Sk FFLASR (7-103) 53K (7-104) Z ZERIA

—Z j;v A(xzy, ty) = /v Adt, (7-106)

ERE—IFHIL E e U1 R A R E A ).
55 T E gy X I IR B0 5 5 . B Gt 9 RN 2 A ZS.:[ T4, tr1;

zi, tr) 0B S, Hep Sy R — S MBS EIERE. ?ﬁﬁ%%ﬁﬁfeﬁrﬁ
XN VE A R, B R T b AR s SO [R) L S, TR B ME R T
2 (7-103) il (7-104), (B 46 i (6] 6] R A 2 MAEFH B S

Ak + 1) + A(k)

m |z — zkl? e
_M+E(wk+l_wk).( 5 ) (7-107)

2 €

Scl[k +: 1 k] =

EH A, FTLL o WIEMERXXERX (7-103) F1X (7-104) HF 1, FEK
(7-102) ) BRE T2

<Z(wk+1 — @) - %[A(:l;k+1,tk+1) + A(xy, tk)]> . (7-108)
k
Xt k WSRFMEFLUEHTE (E XA R4, XA RERNEF
(1/2m) (p- A+ A-p) (WA 7-12).

BIVFE H R B rh ) S R R B — B I 5 5K (6-11) 9 — B R =X AH [+,
HEMBER [—e/2me)](p-A+A-p) RETE V.

A X B A E . B SR AR

—% (%)2<[/a’:-A(w,t)dt]2> =
_% (%)2;¥< [(mk+1 —x) - (A(k + 1; +A(k:))]
x [(:cj+1 ) (AU + 1; + AU))] > (7-109)

XEF j # k BT BUEfTRR BRI . FL b @SR (6-13) LLERUKAE
T [—e/(2me)] (p- A+ A-p) U V, BRAVKE# #0752 fr B — B 00 (H 2 2
J=k B, PN EENESS N T — NI BB R 7-6 Fx (7-49), A
B2 — N BA R

_%(h%)z<%;(A(k+1;+ft<k>)2>, (7-110)

[191]
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- 150 - FtE K T

EEMT —i(e?/2hmc?) /[A(ac,t) - Az, t)]dt, 5% [e?/(2mc?)|A - A BI—BY
Y& &2 A [8) B 3500
X, REPIEAERENHEEALERX (6-17) WIEX—F. HEAR [~/
(2me)] (p- A+ A-p)+[e*/(2me?)]- A- AUEH V. L LIE A 8 =R, B4&iE
BT EaARSSw, gt i SuEse, Bl A BIEMT B, B ER 2 XY .
—NTEREH A hiEgh R 0 W% 2
1

H:_( _EA).(I,_SA)_ (7-111)

ESHBAETH H EZ (1/2m)p-p] WERZER [—e/(2me)|(p- A+ A-p)+
[62/(2me?) A - A. 3 35 51 B 1 LRI 778 46 SR 5 4 75 55 B 77 .

T TR

o7 FH 2 BG4 S R A 2, R A 5 S e R A BRI R R s B
77 B9 BR A HE AR R BR L 2m, BN b $0 BREE MR AR . AE X R O 2, o B 20 Y
e U R A By T LS Dy

g =2 (mk“ - “) (””’“ —E’“‘l) +V(zk), (7-112)

2 € €

1 B AT K, BATA ve % B A9 BRE T

(x| H ) = /_ Z X [i 4 V(a:)] Pide = /_ Z x* Hypdz. (7-113)

2m

SR XA E R R BRI R A R 2 ERGR, BT L
A SN KRR, B BB R A R R [R] 22 (R 0 B G R, T LA
T ERATH B A BRE T 5 — A E X, B T O 3 i i R A BT
RAeEWZL ATEHEE S WL (BiRZ AR L), XMWk RIS
& X Hy.

N T S8 RGBS, HE I )l 2 R 2 TG RN B B, R R B R AL i
0 AR AE. (HBUAE A48 Hh, WA 0 B2 4 Bt 8] 4 AR AE 55 A 1) B 4R, 4 st (]
G JBUAH 55 18] B A A A 3 v AR R RSB AG. T 43 LR 2 ¢ B AT T AR AR R A A
T 5 A BBUA PR S R R L e K BT B ¢ — ¢, RAOE TR FRAE .

N R, RRGEHE-FTBHH - MR TFHR HEMARER
4 FR:

S=> " Slmis1, tis1; T, ), (7-114)
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H
/\':Fl ti+1
S[:L'.,;+1,ti+1;.’13.,;,ti] = / L(a’:,x,t)dt. (7—115)
t

A FRIR PRI ¢ B 200 o SR ¢ B 2080 20 R TH] AR 22 1 AR
BT X T 467, v LS (RBHER) N

2
Sl@is1, tiv1; @i ti] = l% (‘zi :f) - V(wi)} (tisr — t). (7-116)
5 ¢; W20 K x; B K IA —4b# BORmaT T 2 2 H o i —4F, B
(g ot 1/2
A= [2_3‘55_1(_15_;;1712)} ) (7-117)

M LR B B 5 RAREEARS H WXR FHE T HE
X3k R PR MR (). MAERAR, ER—0 2] ¢ ATE B d 75— DK Rs
FRAE ) 57— RE ¢s(t). BEXIE Rs 5 R 22 ME, RAGE R — Bt E
6, BsE (A (m) i B8 THEE 6. H& R PHREMTENLTNAFS R
W —#E, R —BatnE o BIEM. & L BE&atHE, WE BB BRRE s
MR v BT LB3, AAEHE Ly AR &R ¢ +6.

AR R w5 5 o A ARR? EEMINE P, 7654 E g X R
BRI AE AN SAE, XTI X 8E R &R Rs. % & & E &5
§ TEBRIEMERIE (x|1]s) =R RATAT A M ENIANRRE: B i<k
i, R A ¢ PER D — A& 6, T i > k B, iEPFE ¢ AZE.

S 132 3 D0 35X — A, At T BRIA K AT E Rl B RR T TRIE R, AT R
FLANAY 2 A PTG T R /)N g 18] (8] B e/ 2 A, BORR S AR BR. SR T, SR H A
Wk, Z0HFE—AFEIEIFE ten — te A TR, B, B2~ AT 887 FR 2.
Al DB B [ B 3 & A< B 2 B (6] A4 oR B0k ff P ax A e . AT AT AR &, 7
t=t, VAR, EFEIFE, 7 t =t LU, BRG0P, SR 6 AT E A8
AT R, BATT AT LA Lk 4> 0 s ] 5] B 46 22 7 3 S 20, B HE ey — th. HJE AT
PL4 & B K /N T F R BF 555X A1 B (8] 78 3 (19— B 2800, | 3 > B8 7™ 4% i 72 B
ARG B 45 RBEEA b 5 A B b fir it FH A2 75 3 ) — 4.

PRAE 015k Sk R B 57 X A4~ B (R B8 3l i 8z, F AT & 2, =X (7-115) & LA PE
HE Slwipr, tivr;zi, ti] A4k, RE ¢, Mt HRER—1&. 55—,
STht1, thrr; Thy te] A S[Trin, thtr; T, te — ). BET, 5 K& day BRATHHER R
B H B A L EE R

. 2nhi(tk+1 —tr + 5) 1/2

m

Ag (7-118)

[194]
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- 152 - g+tE K T =T

AT (7-2) & LR IE. 1ok, BaRrSERE S mE—fbE
B A (eI th T i 1R B sh i 2 AR) #RA S AU E 6 B — B, AT UL ERE
WMRIER AT R

OS[Zky1, tht1; Tk, i) h

(i) — (xlthgs) = <x| ot * R =)

¢> , (7-119)

i
h
H% — Wik A A MRl RAITFHEIES 8T J72F 4 0d %0008 A1 N 1912 Rk E
XA
H, — OS[Tr+1, tr+1; Tk, tr] ' h .
Oty 2i(tg1 — tx)
X (7-120) HAHE TR S MG EI R E L. ER T H2%E P, BT H,
TERS [B] [B]PB& treyr —te BTENRFAER, EXPHE_TELEYN. XiF—
TR T RS 6 B gl &IH—1bHE 5 A b gE R
XN R TR (7-116) BrRns AR — 46 F, T IEESF Hy B X

(7-120)

2
m [ Tg41 — T
H, = — ( ) + = + V(z
2 th+1 — 21(tk+1 — tk) ( k+1)
m [ Tg1 — Tk T — Tk—1
= — + V(zk). 7-121
2(tk+1—tk>(tk—tk_1) ) (-121)

ERFIE T R (7-54) A 055 R S A0 S A A 4k
B RE TR, T AT BLAE 46 BT B A NI A/ [2i(6ugs — t2))-
WA ¢ <ty BEBALERR 5=t — 6, &

W(E) = Ults) + 650 =+ 60, (1-122)
PR R A Ry Ay BRRK T, SR, AR (7-119). (-
120) A1 (7-122) FF 478 6955 3% (7-128) T UGS SEAF 5 1 07 B DL R AP
S RIS OGS,

o (xl11%50 ) = $ollHl¥) (7-12)
RN Y 5] 18
oy i
5 = - HY. (7-124)

MTLRREARKKMIEME, RERBY ¢ 28 A B R B3 -6 Bk
TIT (x[1ly) I — A, HEEE R 8(x|H(t)|v), TN AL H v 25 i &
ik (RIAHRL T B8 & 6937 iR).



5 /\E
WiRT

W R T AR A B T2 A R A [R) L FRATTAE R A 3.8 R E &5
ERUET XA A, R s 3 AR R R
mw 1/2
2nihsian)

imw
- exp { m[(zg + z2) coswT — bexa]} . (8-1)

K(zp,T;24,0) = (

AR BATE S0 A E, B2 FAT N B Ll k1 19 Bl R [a) B, B =S
i M, SR . ANEE B B ARl R LA XA A9 R R, ARG R KA i
&7, A AR EAE B 2 S8R 7 89 R 48 FATA 0] LUK X 4> TAEHE )
Mo, LLEE AU FE AN (N @A . 41 55) StiRsh R, HXERGERKT,
ot KT A B IE RR AR E. frURFERERBERTFRENRL. 4
wn, AT LA CO 70 F iR 3h. X 2, BATABL, #JE T MR Z 18] 1
HREA AT M U R B AR, X TR ARARAS, XA FE U TR X T
VFZ N R R G, 23 Uk 1 4b BE AR 2 — N I L.

TEHE REIRBENZIR T 0T, LR EA KSR, FT 1830 e
B B /NMR 2. ZEBIE LT, SEEI AR 0 T T AR AR B U ER L AT R
GL L FN T —H B ERT. AR ARE, ~ T EERERRRENZ
JAF 5. B, B A TAERER 7 8 B R 71 B,

ER 7 —DHIT, AT AZ E— SR B Y. Halle, &F
JURNSE e A0 RE (BIAE ), Horh 3ol Ll — @ 4l R iR 3h. & F h 2%, &
— A R — '’ TR

[198]



[199]

- 154 - EFNE B &k F

81 TEHEIEIRF

BEERTREMNMB X, BADRE B R ILA R S — R 0%
A WATHMBEE 9 T R FARETFLG. A 2-2 45 T R#E — ik T
UEDRITNER ¢

_m

L= 2@ - w?). (8-2)

FE 5 R A2 R R, BT 2 AR A L P e R R

_ P m 9 2 -
H——2 +—2w:r;. (8-3)
TR TEN
ad)—_i[{ _ (P m o, 2) .
E w__ﬁ(2m+5wz v- (8-4)

[ Sy M WA I 5 6D G, 7 LA 2 55 49 B B B AR, 9 EL 1B B ELA W
REHRE B, (A DL R 50 XTI E T exp(—iBat/h).

1849, SRR p MBI T X o SR (BB 7-5), T LA 25 19 4 0 o 5
OB i AR

R d®¢a(z) | mw?a®
2m  dz? 2

WHBRESRM CEHFZRFHERPRAEETHERO. EEAME
{72

E, = hw (n + %) . (8-6)

Hobn Z#%00,1,2, . RIERH ¢, (z) H

1 mw 1/4 MW _ (e /2522
mm:@ﬁmﬁﬁﬁ)fh@dgﬂe(/m, (8-7)

Heh R H, BJEK B

@ L. 1. Schiff, Quantam Mechanics, 2d ed., McGraw-Hill Book Company, New York, 1955.
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2 d” 2
Hy(y) = (—1)"e¥ aﬁe_y- (8-8)
1K 2 K 22 10 X A 4 Pl LB R BUE
e~ 2ty ZH = (8-9)

AT A 5 — 7P 05 KAG B X Be 25 R X B ok B o, JFOR 2 AR I 53 O
2 (RIFERT I GG OLF) 5816, KT, FATE 247 T 0 8] 4 S 1E 5L T /.
M A i B AT IO FE B 2 5 H 3 40 pR B S8 RGX SRR Has 1, LLEAE R
BIUE U B BLE B 23S i K se 5K

HEEF KRB KMNELERE 3-8 PHMMRRFEHNEET. 5
—J5 i, i3 (4-59) Kl X AME T 7T LUR FF A B JE] 7 45 250K ST LA ik B A
iE PRI ZSCHC) £R, B

mw 1/2 imw
<m) o {m[(% +z2) coswT — Qxbxa]}

= e WNET G (25)5 (2a). (8-10)

n=0
i K &

1. .
isinwT = 5e"*’T(l — e T

coswT = %ei“’T(l + e AT (8-11)
JATAT LA (8-10) £ E H
/2 —m;T/Z —2iwT\—1/2
( nth ) (1== )
mw 14 e 2T dzpx e T
xexp{——ﬁ ':( b+1'2) ( _e_zle> —_ lie—Zin]}' (8—12)

HEAAEK (8-12) BRI N exp(—iwT) MR FZE, Wl LB R (8-10) A8 TE
KR RAE—NHEFR exp(—iwT/2), BT LR 52, &I b i BF 4 1

[200]
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#EF exp(—iwT/2) exp(—inwT) MIER, HF n=0,1,2,---. XEWRE, BBX

i a4
By = hw (n + %) . (8-13)

T $ BB ek B, B AT X N RITA. AT RE R n=21F
B B AT k. RIFR (8-10) A B —Br, A

1/2 1 _o mw
—1wT/2 = a—2ieT {__ 2 2
(nﬁ) <1+2e + ) X exp |~ [(zf + x7)

[201]
x(1+2e 2T +...) —dzpza (67 + - )]} (8-14)
a0
(nﬁ )1/ —iwT/2 (1 + %e—zin Fo e ) e—('mw/?h)(z§+m§)
X {1 + mwabmae_i“’T + % <2—T%U—J> : znge—z“"T
—%(mg + z2)e BT 4 .. ] : (8-15)
H G, FATT AT AP ) A AR A 2R B
S )1/ T2 (mu/ M (@itel) = o= (M gy (31) b (2a). (8-16)

XEHEE Eo = hw/2, IR
/4 2
(x) ( — )1 o~ TWT /2Fr._ (8'17)

HATE 2 BEFE po(z) REME. FATA LILEE M E B F exp(id) M E MK
B, Horp o B —> (55) WRG AR TR BEES R, XA 22 5.
I b —Hr o

( ) 1/2 —1wT/2 -(mw/?ﬁ.)(:t:b+$2) 2mw MY et e—le
nth
~G/MET (5,163 (2a)- (8-18)

EERE B = (3/2)hw, B K

2mw 1/2
ow) = (T2) " ata) (8-19)
R =R F B = (5/2)hw. XI5 2, Mz, A XK
/ 2, 2 2w?
()™ e tmuramai e Eﬁ”;z“ afal - (@R +ad)|. (8-20)
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TR ¢o(zs)ds(za) —H. HAFFESHHFRRTEE X

1 /2 2

5 ( TZ%,? - 1) (%xg - 1) : (8-21)
St AFRATT 4k 2 L 7

¢a(2) = 5 (%mz - 1) b0 (). (8-22)

XEE AT LS R (8-7) 1 (8-8) 44 HH Wy Ik 3h 77 R B R AH AR

FHIX Pl 7 3K AT LAFS B B A B eR 8. SR, B X R B F ¢, (z) B9
- 3 T AR A — A R e A AR B o) . A F T () 8 R FRATT B — A AR HR 4 BB
7 ¥k

Bl RE 81 HEE, MEESE () Bl 5 —& x(z) MERIEFER (7-1) heE
SCHY BRAE AR RS (x|1]ep).

B IEAE BREL R b () BIF op(z) FN x(), HH on(2) 2 U307 78 i,
BEEHET Kbo WRXRET 4210 T. T

¢($) = an(ﬁn(m)» X(I) = Z Xn¢n($)’ (8_23)
i F 2B b T xn A RSN (4-59) IEBH, BRIFHERIE AT LAE K
| [ X @K@ T b @iz = 3 e BT (821)

HOR, BB FAT L FRAF IR 80— 3T e ¢ (x) A x(z), B R (8-24) Bl
JETF 2R ). WAS B R B o, LUR, FATAT LRI (8-23) BRI LTI
BRE g () B EEME R BRATELE TRIE XM R () F x(2):

mw\ /4 —(mw z—a
P(z) = (ﬁ) o= (mw/2h)(z—a)? (8-25)
x(z) = (%)1/ 4 o (mw/2m) (e—b)? (8-26)

XL R R R B R TR A, S AL e b AL 2 U = Yn(a), Xn = Un(b).
i %2 BRI MER IR (x[1]v), K H o (x) F1 x(z) 2 BB 2 (8-25) M (8-26) 4 i,
A4 4% T (8-1) 45 th iR 48 7. el (8-24) P HIBIS, A

o | A
P {‘% — (e + b7 - zabe““”">} = 6 (b)wn(a)e”/MET (3 97)

X B RAER: B, = hwin + (1/2)], U &

[202]
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Ynla) = (%)nlz%exp{—%}. (8-28)

e (8-23) R HXAER, HX 8-7) FABMERXTH ou(z), £
Hy, (y) B AR A R 8 I HE T X 26 R 50 H (y) B9 B SR ECED X (8-9).

82 ZREFHF

TEHT— 17, FATHES T 5 3A fa] B iR F A0 T eR BRI RE . A9 38 o BF 5
Z T 0T, BAVF G OIS AR B IR 7 R 4. 18 204 19 I i, FKATT36E &
i3 o 7 A — A R B AR AR THFE IR T o B B i =N R AR
PR Ta- Yo 2o 6, HR QAL TIZE T8 FEALE. & XDRTHEEE m,,

W& A~ 53 1) B BE M
> %ma(ii +9a + 2a); (8-29)
I A SR FI XS 435 i B A JE T AT

Xf T X Al — AR S, BT R BT X A R TP R R B OCR, k2
ETF R MBS "X FPAE NADEF HFRTKE X n=3N M~ L&
P

q = \/’nTa-'I:a.v gz = \,/7Ta ay 93 = \/TTazav
@1 = VETh, G5 = TRy (8-30)

FaX 48 3 A A, BB AT

n
K.E.=2) ¢. (8-31)
j=1

PR ¢; WEREV (q1,q2, qn). W BATE 6L B g = 0 Bz
8V TR AR AL B

BN —

[204] V(g a2, 1 0a) = V(0,0,-++,0)+ > ¢;V;(0,0,---,0)
=1
I e
#5203 qaie (0,0, ,0)+ 0, (8-32)
=1 k=1
Hrp 2
ov a2V
Vi=30 V%= 3000 833
! 0q; o 0q;0qx ( )
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TR T AR HERE BRS¢ TRMER I E X H B
(B M2, 3 DL 38 e A — B0 o 2Ok B B R A HoAb 3 ge. Bt 55— AT LA
MBI A Fedg. F—IF A F V5(0,0,:--,0). XEHIR ¢; HBKRIHF
T S 17 (o7 B R E A FB6 BE (BD 7). Bk, XA F 2 F, B X a] BL R
Hp e J5 ) i U, PR SR O A AE N B RE UM /NEL, BT LA A L R Y
M, FEEH— B AR LR N

HELFE T — 3R i BT Vir (0,0, ,0) BT — F 51 H B4R, X 26 B
B F 47 F 45 ¥4, 48330 205 O v BRUAE MBS 25 B A 38 & By . B3R
TG L, {1 #5fE H A & AR Am i R I BB 3 R I AR AR B9 4 — R R 3R, AT
() 3T BAAE {7 B AR /Nt 2 BB A SZ Y. IE R T X AN L, oA A T84 F = 8 B
Bk T RA.

Zr a3 (8-31) 1 (8-32), AT LAIEHIAE I H S N

n

n n
= % >4 - % DD Uik (8-34)
g=l j=1k=1

B, WX AHHE B H RS 3 E L —MMERT © BRI, XA Tl
b2 s i S S R P

o [ oo |15 f o155 faiomoa |

XDqi(t)Dqa(t) - - - Dan(t). (8-35)

X R AR B> T T ALY, PR, AT 35 iE M kIR O T
TR B it 33, Fe AT 00 20044 B R 26 B A2 g, (¢), B AT 45 1 FH 4 AR 43 ARG S . 4 X
B q(t) AR X SRR, BRI

3t = =D vikde(t) (8-36)
k=1

A A, b X A R R R R R RE O 1) b il T A AT B BT A R BT A R
T ALFE B FE A~ 2R 4 A

XA AR R T RS C LN S AR TR A ad T B AE
Z R Jp R, RATICIRAG 2 S BAE DR 48 TS — 4, FrLlpnf
XKLL 2 T AR X HATEA R AN E. BT — D EBELERIT. A — g
G B (S 53 A8 B 04 05 3K, LA BORE B (8] 3 34, 4 4B TR B4 ) ) 0 4 IF 5552 2.
TEAE B LR QR FE AR, BURTE 28 09 K /B A 8] (E 35 B AR . R [ (4 7% A8 FE B,
BRANFRATH B, A ) BOAE, — AR B TR (6] B 35 . T BE A B A TR iR, I

[205]
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— BRI REER A A R A SR, EE S IOR: T RE /MR AE B AT LA X
LA ) 2 P 2 P . 33K AR M A 7B IE AR

WRFFHAENDEF WEA n=3NPNzEshi. Flm, CO, 5+F
ALK, A 8-1 fiR, HepRFE kAR T E8NMETFHEs) AR 1 3&
4 JEFE) (BN AR E), B b B R B9 2 AT F A B 6032 3h 5 1. J& 2 8 3
I, B A i Sk A g

960»@6@0—0»@
og>~ocaé>®o-oo

éé)O—@é@O——O@
1 2 3 4 5 6 71 8 9

Bl 81 COp o T IER. 75 o Rom b ¥ i sz, @ Ram Bizsh
B4 BRFWIZD; B s Bl 7 RESEF3h; 88 9 RiELE D

T — 2 WA T X LR R R. YR, XM HES R LMY B, T
ARBTIHM. BEPERN w BRFER. Brf B R q;(t) —& LR R 5 R a
g —E A —HRRBWIAR MR oy 5F TARME, EARR) #4586 T3 &4, 0
A 0 b O, AR AT AR AR A JS 4k oz B a] LIS

g;(t) = a; coswt. (8-37)
K HACARK (8-36), 4 th
w2aj = Z'vjkak. (8-38)
k=1

Ja— T LR ERILDRHE a5 B n AT7RE. BN ER TR, BT LI
HHAGINAXEFETERNEAAH (EF M) TREINZK

2
Uil — W V12 T Vin
2
V21 Vo2 — W v Van
=0, (8-39)
a2
Un1 Un2 e Unn w

XATTREXS W A on AR TIRERRE R we, AT LIS B AR (8-38) Y
i, FRA ajo. R ajo AHE (B BGHEXS K/NRBE T, (BB A07TH 48 %5 KN E &
A E. BATH & T 51 &4 2 XA KA

n
=1
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FATA LU n A (@ =1,2,--- ,n) DWMEREXNIRE, BITHE n 1 wa fH,
XS BT B wa K n DB aju(j = 1,2, ,n). RGN A REIZ 3h
EXHEMAEA S ROTT L ES N —BERE N

q;(t) = Z Coaljo cos(wat + 0q). (8-41)
a=1
Horp Y iR H % C, FAH AL B 0, B T W06 4544 18 EXACA 7 #2 (8-36) &
R 5 Mk 32, X RA XL FRR T RGNz 3.
e (8-41) , IR ¥C 527 (i, Bl

g;(t) = Re {Z Catjae'?=tel } = Re {Z caamei“’“‘} , (8-42)
a=1

a=1

XANFRRPRAAELBAAYHEE L. EE co BURTWHEM, FaTHT R
TR E. BRI G L B AP R BEEE 4T B A q;(0) #1 g, (0), WA

n n
= Re {Z caaja} = Z Re{ca}aja, (8-43)
a=1 a=1
4;(0) = Re { Z icaajawa} =— Z Im{cq}ajawa-
a=1 a=1

AR B ajo RRESER), XX HRE T co BYSE R,
FAT AT LR 8 HE i R (8-43), BIME i R (8-48) AR T EM: R
AT &, X TFAEM4FER o, B a0 L

W2aje = Z’u]kak& (8-44)
FHAEM T BRBATELL a 5, FF3T2F 5 B ERKF, WK,
w2 Za]aaﬂ, = kZ Zlvjkakaaﬂ, (8-45)
=17
LR Z 8 vy BXTFRE, FTLLY o A1 B 32 #Bt, X (8-45) HAARE. XBEWE
(wa —wj) f:ajaajﬂ =0. (8-46)
=1

TR, HMFE w, 5 wg AE, M LRE

Y ajaajs = 0. (8-47)
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2 PSSR A, W B ajo AREBAE. SR, X B A 4E B EEREM B dr, FATAT
PLXFEIERE, B2 o # 8 B, BT EX (8-47). F&, Hin Eiz = (8-40) #
A X HIEH—1E, B n] PLE R

Z Ajatp = (8-48)

Hh 8o RPN S 5.

KAV A S M (8-43) KK co HILHB. B (8-43) HEE KW
WA FELL ajp, FEXTETA j EHRF. BRT a = g TSN, 0 H AT #H % T %,
TRA

Refcg} =) a;pq5(0). (8-49)
=1
72 Al 7 =K, FR AT AT LA SR i
Tm{cg} = -é 3" a;045(0). (8-50)
=1

U, RIE TR G889 1A IE R AE Sl B R0 6 A 1R, AT LA SE B A A S8 AL fT
i gl

8-3 8] IE& %R

FATAT LU 55 — b 7 ORI R HI2 3. LEFRATT L £ — 87 AL 45 Qa (1),
ENDE ELIR R ELEA S, B

t) = i:lajafb(t)- (8-51)
i
B~ J7 3, ARt AT LRI BT AL A R
50 = 00000, 5-52)
A (8-48), ATLAE RE M BNEES N
= % gtﬁ = %gg ﬁi:lﬂjaajﬁQaQa B % (g Qa (8-53)
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e fe

= 3 S vngiae =50 D) vikajaarsQaQp- (8-54)

j=1 k=1 j=1k=1a=1p=1

l\DI»—A
| =

X (8-38), &A1AH
Z'Ujkakﬁ = w%ajg, (8-55)
k=1

XEME, #aen] LIS A [ HK (8-48)]

n mn

Z > whQaQs Z jaljp = Z wi Q2. (8-56)

cxlﬁl

T, K (8-34) FRPIE M H BT LB AERE N
= 2 3@ - w2Q2) (3-57)
a=1

XAIEA R AR B B B3R T —H AR A AR T. B &5
T B RFEREN 1, HMEFEIRRE we. — D EIRT 12 3h 7 2 2

Qa(t) = —wZQal(?). (8-58)

XEWE, B AR B B iRsh, W5 H A RITT 6. ikt (8-49)
M (8-50) 5K (8-51), ATEH, ¢ LM —cpws ) HEFRIE 450 5 72 B B
W9 45 AL bR Qp(0) FIHIHR B FE Qp(0). B I, X AR 45 T M F 17 il ik T
i) — AT B2

X AT Qo HIRATREI R GEHE IR A —H I ST AR F, AT 4 57 2k
bR fig B IEAAER. A K (8-57) 45 MBI B H &, FRAT AT LA A AR IE Ak bR
R RGE NIRRT R

k=[] exp{ Z / (Q2(0) ~ w22 (t)]dt} DQi(t) - DQu(t). (8-59)

AR AT LT R ¢;(1) = 3 a;aQalt) HHEML (3-35) 1k

b XA R BORN B2 S TE —FE AL, T Dgy ﬁ'an =DQ:---DQ, MEE—
MHBH F. [H O AR R et 1Y, BT L R BT 9 2R B AT X R B
A& AT DQy - DQ, WA — L F Y E X 2]

XK A 2 AR B A8 B 0 T LA BT I A — 2 B AR R4y B R AR, B

[209]
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k=1 [eofi; [@i0-wi@i0a}paue, s
a=1

Hoh A A2 Bl Rl R — A, MR — RN — 4k 7, RIIE&
3] T e AR X R 7 BE AT LA ST A AT AH AR 3 AR 1) A

PR hy 4% 8 F 64 i A2 AR 40 AT LA 43 JF BIF 2 B AR B A i B, T R Ge sk T
i S B A5 B U BRI BT LS O 4 Y 0 pR BB IR AR, IERAE T 3-8 it Y
HR#E.

4ns 81 Hh i I B 64, A B HOR Y B R BUE LE T e (/M Ent Kep B, R3%

BERY AR B T2 K L0 R B A e BUIE HE T exp {—(i/h) (Z En) t}. H A5 5.

RFALMBREFET2MEHERNERAON. o AR hw, (ma+%)
A m, BB TRENREHERE

1 1 1
E:fuul(m1+5>+ﬁw2(m2+§>+~--+hwn<mn+§), (8—61)

Hf my,mg, - ym, R (GHEE). EN0IAELAHEKHEFRE R
WY, ROAIRT 1. R 2. - BOBCR R B AT BB [F).

MR G (Q) 5 m M BEFIE IR T B s & (RN (8-7) s th IR AE], )
ARG R BUR—

by (Q1)Dma (Q2) -+ b, (Qn) = [ dma (Qu)- (8-62)

a=1

B b, (Qa) B (8-7) F 4 B —#F, N IE w Bl w,. XHE, BATHZ M
YIERIRGE T I EAS R T I #60E T RAIER TR R RS MBS
Bk, B4 25 8 21 B9 A AIE bR B5OR BE % 14 58 B A

fEFZE#H TR (8-51), ﬂnu#ﬂ{ﬁ PR BU IR AR B qi(t) Ran thiok. Bldn, R&e

M ERACRES A ER R (h/2) Z“’a’ L ok B
n 2 n
@ = Hexp{—wzga} :exp{—%zw(z@i}
a=1 a=1

= exp {— i Z Z Zwaajaakaq,jqk} . (8‘63)
a=1j =1

=1

B BRBOR I (—1/2) D Mikgjqn RITE RS, RS RETE My

j=1 k=1
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1 n
Mk = & ;waamaka. (8-64)

R 82 WM Ty = D R g A T AR. HIE

w
o @

n n

> TiTimUmk = Sk (8-65)
=1 m=1

A e R R w 2F. BN 8-1 PR, CO, 4 FHIME 5 B 9 £
#OEA TR E NIRRT A0 T 0 3h sl 3, XX iz sh A R .
E BN BARE ST, — BB, AR Qo TR/INHIBLBRE A SRS, 2 25 SE K i o
SHHTE S RS S RE. th TiX Kz 3) SRATAAER IR R R A K, TATH B
XA R E A0 SR BE A AFAE, B RARZRE, TREMALHE w#0
ROAR LR, 20 THEAE o f, w2 MIRE (H i o R H), WX T X A
()32 Bl R U, ZR GEAb T AN FR A S A A, ) A S 28 e A HL A o B - X,
BN R TR A, TR A B B, JF BARAR Qo A2 BRI XM

OS5 BT AT B TR R TGS B, TRt R B B X L.

84 —#RIE

BEARE  RATATLUE SR AR S O DL = 4R R 31 S e I ok ) — > K 2
TorF. FESR TG, FAT] Al LS ot 5 1 55 69, oh AR [ S 7 4 A 45 18] B B 42 A
M —4E 2k, A 8-2 FiR. 2/ THRER m, 8 j NET B IF AL
BRABRE ¢/vm. RzshRETHEEIAL, BRAHNmEzE HK,
B EAN R RSB R T HEEH, K¥HR V(R), B5 58T H 5 I
B ORA K. BB B L7 7 — S i e e — R A, P ) BE R
BAMMEREER. BATHBEXTBNERT. B AR BREFFEME 5F
iR Z B 22, AT AT (8-32) 7=, {EHBIT L AR W
FA. BATHEEREARE, EN2M/N, U TFRDMRAXGT AT
Wi AR AT LARE 2. FESE 5 SR 5+ 1 DR 28], B V4 A) BE A B 2
(gj+1 — @;)/vm = ARy jy1. AR ILES AL B B9 W FEW L me? (X T4
R TE R —AER). TR, SIABAKRNERR

1
Vi1 = 5V2(Qj+1 - q;)%, (8-66)

THits B H B o] LS
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Z

9 N—1

N

1 v

=3 Z q; — o 2 (@41 = gj)*. (8-67)
j=1 1

[
Il

HH AR E — TR T REAES K, MEGEREAXF j = N BTLI0E %,

Bl os-2 —4E «fiihr R, A BCR OB 1 — IRk 5 S A, 99 S AH AR R

ARG LRI A I H 2, R T X R AE s T R (MBS j =1 M j =N
LASNIRA 5)

G;(t) = v*[(gj+1(t) — 4;(1)) — (;(t) — g;—1(t))]
= 12[gj41(t) — 2g5(t) + g1 (1)]. (8-68)

Vit J3OBL - 20 55 B0 5 B8, X K 28 B In) iR 8, X (SR — S AN B Y R . 3
FATT G0 B 2 R [ A 0 AR R, T A A8 B 2 TR A8 s SR 5 I
FEXFAFOUT, PrifoRE A9 E R GRS LIRAF R ATR (B0, Toil i &R
T H BRI R AF). b T TR XA A, B B AE R AT IR, B
B — AL ER TR B B 5 A, AR OR R L R R, TRES TR, AZ
SRFFIR T JEX BE i A5 B R A L, X U R BR A S A 1 A SE B v B B R A
A H, BT AL RN RE R, LR BRsE A .

XAMB B B AR R, AR T LY N, RS N+ R TR AR
K AF T2 § MR TR, TRARZMN

an+1(t) = qi(t), an4+1(t) = qu(2). (8-69)

F R TR BRI — R R IR, ) F AR 0 R 4% 1R T B SR R . SR T 7E = 42
[, A R B T80 00 3 7% 5 R 1 3R 4% 1, BRI, RN X SE 2 R A M 1.

T T 958 AT LU s A R 0 5 S 1 (i M 2 T 2. K 28 0 L
R TR TR (WIBEE — N EFRERES L, 80 BE M ET A h%
4y 25 SHEM LR EX A EATH M B USRS —MNETFRER I E 4
[5) 4 60 S LR, AR R A RN R S, TR, SR R AR K T —
L B4 3 45— A4 BT, LA B G0 2 . XIS BB 540 T 53 — R B IR K
2k, 76 BT 00T, TR B 4% 00 190 3% 28 7 — 7 o T 4080 3 . FR AT 1A
A i A PERR O SR RE B, TR R BE TR K R A AT T SRR AE N + b
BL2N kS S—FEE A T X R &M, Bk ETFES 0 (8-68)
A T B SE
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MEREHFE RS q BR o B2 TRBENTLIR
—wq;(t) = v¥[q541(t) — 29;(t) + g1 (1)]. (8-70)

A LAEX A B S AT 1 B3 SC b AT LR 0 B R R A AN Be A5 B 89 17
ST Adix HRERE T A E &R &, JF HARF T XER 5 L.
A1 R V-1 EXTHEAMNS §, MiAHAEBAR B8 TRER:

g;(t) = Re{Ae "' (Ki=“D} = Re{a;e'}, (8-71)

Hrp g R HUE M HE B HAAKX (8-70) ErTiEH E M. KA FR
25 thi:

w? = -1 e K — 2 4 K] = 42 sin? % (8-72)
WA K ST o W1E, BHARFTA K EHEERFK. AR R0 E%
H K =2na/N, X o BEE(0,1,2,--- ,N-1).a=0 HERERFEE, R
TEALENEE MH, o =N+ BHAERS o« AHMEREMERY. T
FEMAE TR E B FEM o, RATH MR

. T
Wo = 2v |sin — |,

7 (8-73)

55§ AL BRTE AT R A R i 2
@i = A~ 13m0I/N (8-74)

R BRFHENE R ajo BEH. A8 afl —a (FHEHRE a5 N-0)
(8 AT LAfE AR B SC 8. AL EMTR B EEOERNE N E. (BRER o (HE
R TER, B, & N RETFH WEE o M (-1/2)(N -1) B (1/2)(N —1)
AR, A ZEM 0B N —1 #Y X 5.

PR TR EE o WANEX B 83 F#/RT Pift o {1
bl: —FE o HBD, 5—FE o= N/2.

REBENEH ajo WX KRR (8-74) B 5E, i H 4% K /MR T 8
A ARAEEN. RATAEMF R (8-48) AT — 1k 7 B AT E B X HEk
BEFE A, f#

N
Y aj.a8 = 8ap (8-75)
Jj=1

HSL, X R E

A= (8-76)

2

[214)
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ha

ArE 95

a=N/2

Arfs 95

Fa3 FEdimt 7R FELKAR, 55X JLERNLLR, A X F 356 A bR 55 8] BE 4>
AR s £ LEAER BKERFEEKRE o RN, £ TFEK
BB F, a = N/2, LB A F RN V1K IER K

FATBAE LS T 25 Rl 15 69 ] 1E A8 b B Rk X

N L& o

Qa(t) = le ajaq;(t) = Wi J:Z1 gj(t)e~ 2med/N (8-77)
N-1

H g;(t) =Re { Z Caajaei“"’t}, EEMTF K (8-42). XEAIRHERE; A
a=0

S RATAT AR R, o015 th B A B R S 69, Bk 1 R BOTR R TS R
1 N-1 o
L=g ;(QZQQ ~ waQaQa)- (8-78)

Xt ok B N S Bk AR Q BB ILA. N Y AR ¢ RSEHY, T
A (8-77) BRE Q) = Q_o, FTLURERN T HE BN E LI Q. WELFEEM
ALH, M E 2T Qo HATE N NS AYLE. BB RSB, taT L
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A Qo T F TR F 5 L PIA3E B A A

1 c _:n)s
Qo = 7—5(ch lQa)’

e _ L1 u
Qo = ﬁ(Qa +Q-a), (8-79)
QZ = TQ(QQ - Q—a)) (8_80)

T RAR 3N BEARAE i T SE AL R AR B R R A
TG+ (02)) = Q@0 = Qull (3-81)

HER (8-78) B 1/2 BT th FRAVM FFA IE 51 KA, F it 55— 0355
T K, Q@ = Qu@r] EUL LN S AR — kKA IAE R N — 1
R AT 0 BB R A [B (8-75)].

B 8-3 EMA, Q¢ M Q2 2 IEALAR, SR B A2 3 R AR UL cos(2may/
N) # sin(2nej/N), B} (& N &%)

(N-1)/2 . .
qj<t>=\/%[§cza<t>+ > [Qﬂt)cos”‘w‘”——czz(t)sin”jﬁju. (8-82)

a=1

AR 8-4° MASLARE Q° Ml Q2 Fm Uk kBT 1A, WEFAK (8-78) HHiL
¥ B H XTSI R BT LS Ky

N-1
1
@y = Aexp {_‘2_?‘7, E waQ;Qa} , (8-83)
a=1

Ho A HER

BB 8-5 A1 — B RBAMERVIRESWRT THRABBED. TR
T (8-83) THED &, F HIEER

(#olFid0) = [+ [[ 2iF 80Q1dQs-+-dQu-s. (8-84)

E B T T 9 R © R IE A A
@ K b S BB B 52 S5 5-3 RRAIR S (5-46) BT 40t A B 45 B0 101 B 18 1 AR

217]
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(O B2 A8 B FRLGr SE SR 55 T R SE TR IE AR AR QF, Al Q3 BIAR L FR A7)

(P0|Qal®0) = (0|Qs| o) =0,

(@0|Q2|P0) = (20| Q7| 20) = 0,

(2012 Qal ) = 5 —(2ol1] ),

(@0Q:Qp|P0) =0 # a# . (8-85)

XRE, A IE AR AR 5 R B RS B Ao AT 4 AR e A B — 2 2 ST TR s iR
T R T h AR AR, X REZ R T FEE T E &
P 5 R )t gt HUR i ST R U T B BT 2R

B8 86 IEHHE ajo HIHAME, BMEREAS A R ESHAE T, M
SELVREE A\ MBS b DRET. WY kKRB A\ TR SR, #2i 4x F
MEFERE v, FE; i HEARREK (8-66) 4, MEH—NEME
XFE N, BERE T A REFXZ 0 XA, 85— FLILE XS H A, B

V=02/2)) 3 Mlgior — a5)*
J k

85 EZLILML

XEBNC 2 E T HMEFRE K, Kb AR U —E MM Rsh, & -
FAABIE [ A — E ML 2. A — N8R % Bl o JR 2R, 1 SRAR 4B 5 18] /% #6 42
2/, B AX AP,

PR EEM R KBRS FRER K@ T EF /R,
EAEIERAEER. EXFELT, E3hnl LIAH Y 4 b B A “EE 224 i
AUBE SR WA, IR el th 3 — B A —E P YR AT, i g
KERFE p=m/d BLh—8, —RELHF LR L2 — R BB FEF

B X, AT R S, Horh R B SRR

XF T4 12 S, A B ] B AH 2 2 2ma/N, B, —NEKAE T

Nja NET, S 4 d RAHB IR F 2 8] #9745 8 BE, WK A = Nd/a. B
2n  2no
k= SRl 7k

T AR — R g5, Al 3 o E & 7R 38 3h i BUE R A SR B o A 341
KRk BE AR o WIEEPRCEMBL TR o KR 52 X 88w
k AESR AL XSO R BOR LA 2n/L, P L = Nd RIEHIKE. & o) = jd B4

(8-86)
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JNEFRFEAE. TRMRRFEa MR A

. e, (8-87)
| X

= — 'e_ik;vj7 8_88

Qk \/]—V, J:Zl q] ( )

i e 8-89

LA K
. kd
wg = 2v |sin S (8-90)

PAEFRATB R R F 8] BE bb X S 4 s AR b TS /NS 2. FRTE &% X
o RS, X AE AT kd < 1 KRR, 55 LB vd = ¢, M F kd /D, &
1A wa ke FEXFEGL, FATAT LA R AL AR q; RVE R FER A7 E A9 % Bl
USRI 8-3 BT R W BB RE R IR 2R AR F WAL RS, X F R, U# q(z))
Flg(z; + 1) JLFAHSE, AT LLA K B3 q(x) &2 — N EWELE R, Bt
58 SR B R LA E 1 R B 4R Q(k) J2 g(x) AU B A8, BIsX
(8-88) mI i T L&

L
Q(k) = ‘/TN /0 g(z)e **dz. (8-91)
AR AR 2 T R AT K R
N N L
RS | O (3-92)
2 B A A (] PR AR 15 Ok B /INET, b AR 56 FR R B R A I .
eSS .
L 2n/d
> Oem gy | o (3-93)
FECT W
L ek ikz
q(z) = 2V Jo Q(k)e™ dk. (8-94)

BT X B HEMWEE X, S u BB AR TR,
B g; = vmu;, X m &2 —NRERFHEE, BET pd. 2 U 2 u 0§84
i :
U(k)z/ u(z)e *odz, (8-95)
0

[219]
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171} 135 7% e
u(z) = /_ _ Ul(k)e M;ﬁ (8-96)
(220)  FREFHOMEIELIRRE UKk), B5MMATHE E2L4R Qk) MXERN
UK) = —==Qlk) (8-97)
BT (8-92) T AR FI A u(z, t) RANHIBIRE R
K.E.= g/OL (%)2@. (8-98)

8 RE 56 42 T 28 B RN B9 L RE, AT AU BT AS FE AR IR 1 B8 B9 22 R A
o B A E SRR N SR, BRATATLUE T

o1 — 03 = Vfu(s,0) — (e, ] = ViRdor. (8-99)
XERERRER
_1/2N 2 (Ou _pc L/ ou\?

75 L, RN AMEH T H 8 c = vd. PR EXANEHE MM E R
EAITLLH TR NP FE e BBEMNEETFLRANEK, EE¥XK L, 8
TEfR —H 7, RN ¢ BIFREN L1 +¢). (RNFEBBEESMEK, AR
XERE, BMEE xR FRINEERZERN d1+e), MALE d TRHABEF
Rz AP =55

gj+1 — g; = €dy/m. (8-101)

FI (8-66), X BEBR A, AL {7 25 5 1 R 2

_ Ly _ pc? 2
V= Tk d“mN = 5 € L. (8-102)
B, TE/N e BB FBRAE B0 T, hifi sX B s 19 11 2
aVv
D) = pc’e. (8-103)
221]  ERGHEPEN S, MR (A KEMEK) B8R E X, RITH
Bl pe® = itk B (8-104)

o A%
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2630 (8-98) H1 (8-100), FAT AT LA B4 B H &:

L 2 2 L 2
p ou pc ou
= — — _— - ) _1
L 2/0 (6t) dz = - | (ax) dz (8-105)

AT 18 M A B TE K exp(—ika), @ IEAIRR U(k,t). 3EE 7T LA
I B, 3 6 ] IE AR AR RE 8 TR AR I H B3R N

_’ ”@ﬁﬁQ%_gjmz ,dk i
b= 2/_00( ot | am 2 /)" Uk, D) 5 (8-106)

oA AT LA A B B0 B 1O R % 1B — LR T R, B
k B R — AR T 78 B SRR Bk, & R KR S i R
VAT LA 31 AR B T R, FUEEAE, % dk BORRSY SCBR b xR A &
{15 1 SRR, FCeh A B BCAY e (8 A DR 2/ L, L R AK 0K B, A8 B 3
2 F 3P LT 0 R .

&Wﬂumﬁ&ﬂﬁﬁﬁﬁﬁﬁf&%mﬁ%ﬁ%*ﬁmﬁﬁﬁiﬁ

A s TR AR (8-105) Al ey L IER, BRIMEsh TR
8%u - 82
p8t2 pe* A2’
¥ B (8-99) Fr & BA M8 IE R £ AT WL, X AN R KL F LA AT H#E T R #9az 3
B (8-68). FFE (8-107) MIffE N

(8-107)

u(z,t) = a(z)e?, (8-108)
E5R (8-71) %4, He
—~w?a(z) = c“’% (8-109)
538 (8-70) 1L, T
a(z) = e k@ (8-110)

¥ 5= (8-74) 24l
g4 30 (8-109) A1 (8-110) AT WL, w = ke. X 53X (8-90) MIZE 4, i B #E 5L
b FEN B BB FRE B, 2K (8-90) Bk X A R
K (8-110) A Y o {H, X (8-108) Fifli ik Mz sh 2 LLEE c a3 1T
W XYL, c BRI PRI & Lhr b, —NELRERA L Ad; B
w HARIEWT k. X T B K587 6B R — &R HE, XFARIE KX R
AR AR A, I a1 (8-90) B A ARAE.
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86 EFEHNEFHE

R R F R AT DL E S AR R R . AR IR T (T
FERMBSHHE FRE. BMEGLERSEMERFIN RN
w BB LI BB R A Aw/2. Shw/2. bhw/2. ---, UL L L ERER hw/2 B
0. hw. 2hw. . MR FTXLEIEE, ATV, FHEEF 0. 1.2, NEEE R k(K
VAT H R w) BB F.

A 7] B[R B R JLAS AR AL Bl an, v R (1) BR% k) AORSEIN & 31 5t
SZ BB (2) B ke MBI B R BISE — BB L; (3) DREL ks UAE
BMERFIESZ EEZARBR TRENMRAVRENERS TEESMNEE N
h(wy 4 w2 + 2ws). AT Z B, FEWADHE T, — PN FHEBCY b, B —

P FEBCR ke, A PN FRIEECR ks.

BNREMESREEN

hw
Egnd=ZT’°. (8-111)
k

R ELEMH 2 w = ke, FRAER

L [Fme Bke
By = — ——dk. -
and 2n/0 5 dk (8-112)

HATER R, &% &k B8 LR kmax 28 BUEBR K, WIB 2 & H. SR, AT

EPREAPELMHL ML w=ke AXTH B (BI/N k {8) 7.
?t{lITLJ.FH%:F w Y IE 8 28 23 A H1 R i 2 B S BB &, O X & A

B — NG IR R, I we B9 (8-90) ATLMEESRERTS N

kmax

. kd
Bgna= Y, hv sm7|, (8-113)
k="kmax
Hrh
¥
Fmax = . (8-114)

A (8-113) T HE K

N/2 N/2
Epnd = Z h }sm —| = 2hIm {Z e’m/N} (8-115)

—N/2

N AR, X ASGE R AT LA BN

N  2hcL .
Egnd = 2hU; = J[—d2 (8‘116)
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PG RFY], XA BERIE W TR, MRM LA, S d 8T %6,
XA R AR R, BB A TR SRR TR S8, KLY R GER
2 A PR

R 5t A T e S R IR A RE R R AR W OT Y. X Le A
P SEE: (1) SEBs b, BEASRE R R B (9, 78 B BF 5 B 9y 2 a) 2 o d R X
AR B, LR RS R AR SR T HARKRM R TH2MER. (2) H4
A PO 1 R, S R AEH A, EX MO RER S AR A A
AL, PR 200 T B d (ROEF d 4b B 0). BRI, 34728 A8 el a2 S8 3 U,
A — A BB T 0 T B S e R G ) AL

87 ZHERIK

TE ELSE A = 2 SR R 3R] B 2 % 18 5 A9 — 4 9 F 22 (8] B A JER 0 22 5. 4R
7, 76 = ZE05 B0 P 40 150 45 FRASE A 40 R A R B R ME AR 22, 1T A4S 31— 28 Y B 4
k FZRMAR, kM RRE, KRR b ky k. FAIXESEE HHE— K
AWM. BT ATRER SRR AR ), St TFEA kE MK £
F 1 T S BR A R AN S e 25 18] BE HE 3 A9 ST 2 R I T R R )
8], A~ A — B 4% SRR AE LA HE S A R F 4 . SR A X R B e A L
A (il p ) B GX AN 7T LARE — 4E 3 RUE BHIE 35 B ), AR A Xt F R &
{EA 3p M=

7E = 4 SR b AT RE A % SE U A5 B — e ar Ab. 7R X AN I, S
A ) B SE A M 25 0 — IR B M ZE AN R O 18] A B AR OR R (B 4n, £ 1) 57
PERY AT FE 45 PE). A R 0 % R el S 0 X R R S . T L AR AL
AT (AT m), ENA—E BT FRERTHEOEE M.

xt H 70, FATR B, B A8 B i ¥ B AR BT 1 G 5 H SO
[F. (— e, %o AR far i 4R, 8 2 X9 BR M 5 50 T R R — R B9 SR AR, 13X B E B
— X)) FREANEMBE R XP R EERR, RITEAFTS oL &
AR BE, o FnBEDEBEAE. A k XN E =R Hh 2z —BH R
wrp =cpk (G k2 k B4aXE KN, MRS, B 0N, BT DI R B2
A Xk KN BRI R BRI B R e A . A PR (B T iE 3
J5 1) 3 BTk 0932 3 07 18] ), ETEISERE R wr = crk.

TP, T H S S — R b ), HoME R R — 0k Sr Y
o

WA B G ERR V. RO WEBMG T k SEAU k&
AL MERIC &k = dkydk,dk, WIOEEMEE. BEEIK &K KK
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Ly Ly L. EH—4E00F H BB MEERE 2, ke AEBUEBEN 2r/L,. F
BRI dk, BIKIRNA dky Lo /20 DB kb, (5. 48R EERIE AR T H A
71y, BAT1 R B, FERIFE d®k AL B L k A K H 2
3
—-dk"égi;’fk’ LyLyL, = ((;—n’)%v (8-117)
X T AT T2 AR G o 4 T LA AR B[R] A 4 SR (A A ) 8 BR A9 00

X F— MY, EWRNTBOE K, B we Bk 99EH B %0 M,
A LA 53 3 (BIXERLF 6] — A ke A 22 M), Ak B 5E 18R 22 S 3 6 ) R
TR, R B AS AR 14 TR 1 A B R X LB A s A TR SUAR R B Y. R, T
S35 1] BB 1A Ak e — AL TR BB IR 7, F 2 50 B TR R R
ML 444075 - ) S .

P 0 A BT R B, FRATTH 2% B8 25 ][] o 4 o B9 AR AR 3l (B 7 0,
R R AP ). AN — HE B o BT AOR — A, FRATT T LA A R T R A R T
O BLA T, SR 5 o Y B AR PR (B SR i S ).

o8 B A4 At R A R AT RN . R SRR X RIEHAR
SCHJURA. SR, O TR B IEF R T R R CE K, AT E R A
(9 25 BR; W LA B P 2 S 3 A A R bR OO R B BRSO B 3
KB PR, R e L BT ) 2 PRI 7E 22 L B0 o — A AR R B A T .
Ak B H A AR B K, R Z i — SRR, B R B RE T LUAR 2 4 s R R A
PIR I R B S0 52 T W G RAE, TR O R R
A PSR AR e LAY, BN, 45 R — R AT R (A0 S i L) 78 4 B R IE AL 4.
3K 2 28 4 RN AT BT R ) 2 o AT LA A R S B R — RS

H 22 S A T D7 AR M E RN T, B (e, t) RN T I ALEE, KL F BT
07 S . BB IR ATTOF I A R B DX, B U 3 U DL SR . O T AR
BB By R A4 A 16 BL O AR il

U(k,t) = ///V u(r, t)e Frd3r, (8-118)

Hepr RZEREIKRE, KO8R .y, 2. KD ELRBELT U #J7 m#
KE kTAZEKRKER MRE U BRAF Uy (k,t) A—ERREIEE X F
75 )[R PR R, RRAE ke B9 =B AT (] IE AR A

Uo(k, ) = % Uk, 1) (8-119)
(B U 7& k J5im Ewyora) LR
Ul(k,t) =ej- U(k, t), (8—120)

Ua(k,t) = ey - Uk, t), (8-121)
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Hre; Ml ex WA E T b XEAMEH MR KRE. 7 HITHITR S, 3
114 R ahae A AE bl =X (8-119) 45 tH A GAABSEES 4, P 22 B A8 4R 30
il 1 22 ) ) S5 R, AR RAR B B Bl LS
A3k

- 1|5 o

HPEMNBESIATFE c=w/k, EREHEIT MR X240 FHE
PeHE)™. MR R w(r,t) R, X RSN H &N

= [ G - wr] o

XA A AR —TURBNRE, o — 2 B I L3 B A 7 4 SR TR R 4
fiE, i V-u G i FERIEAHIEE XERAQFHEELAER FHRNEAE

— K| Uy (K, t)|2} (8-122)

(8-123)

7 JERA 1] S
FA% B H B AXS T w (948 43 7= A 22 8132 B
1 67
c—za—;f =V(V ). (8-124)

A TE R A2 R BF T w U

d(r,t) =V -u(r,t), (8-125)
FREAA N
1 9%
ToE = —V3¢, (8-126)
IX 2 28 ML B T AR

B 1A% 5 7 exp(—ik - r) X2 (8-124) #4748 B o 25 e, FBOEAT F k 19
oy, 15
1 8°Ug(k,t) _
¢z ot
XA RS T R, BR Y, Uo(k, t) B S5 1A 1F AL AR
3 (8-123) &5 th A% B H 20 545 BB 7 g 2 45 5. 1) B o A 1 i
Gy i R nh(ke) (BB SETRATIHE th th— B 2 90 1 AR AR w(r, 0) FU%R
SE AT M bR w(r, T) A8 5 1

—k2Up(k, t). (8-127)

Klu(r,T),T;u(r,0),

:/exp{ / /// |( ) )2] d3rdt}’D3u(r,t).(8—128)
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=, (8-128) *B‘J%éﬂﬁ%ﬂﬂ%ﬁ; u(r,t) HEATHY, 12/*% FEHRErN=
DRt EM. FERE S MK E, @ﬁl u(r,t) #A 4 & WL, ii’]?ﬁf‘l‘:ﬁ
) B0 4% 1R O RE . aX R R ATT ROk B AR ff%"ﬂ’]ﬁ%)&ﬂ’ﬂ?&r. 2 B A4 1k,
&A1 Béé&iﬁiiﬂ‘]%&ﬁ&ﬁ%—’ﬁﬁ;% t B— (BF =D BILAY) R ()
B3Z eR, AT L5 T8 KT A XM kA (SRg) s, BL7E BB

w(r,t) B2 oA, T w(r,t) Z2UDNER .y, 2. ¢ B RS 58 B JGX A o6 8
A A 0 AR R, B A XA BRR sR B AR R = U ALY R, BT LAFRATT AT AR AT
B A A E AR R ERE.

XN RS -SRI R —FZEE BFBEEE BN S
Bk E M, Bk 2 (8-124), S B Jy (H#h, B B X (8-126) 45 th MU 3 7 2.
TAT LA EAERZ] ¢t =0 F ¢ =T FrERuH A R0 W R XA R FMHA R
— A~ M ) B SR, B S 20 SR B R R (R AN AR 22 0, TEA LR R, —
JEAA Tt =0 B 20 i Ae AR B T 4%, B w(r, 0) Fl (Ou/0t)i—0.

T AT AT LYY X A% e £k 25 A ok 1) L AR T AT T B9 T B AR AT AR
U Z AT SE A W B ] IE ARAR N B R 25 5. X R4

K Ul(T)e lp 1 Z/ “U lz k2 ZIU |2]dt DU k t) (8—129)
g Ul(o) Xp h2 V 1 1 1 )

Hoh i Fa T 4%

Uo(T) = Up(k,T) = % . / / /V u(r, T)e *rd3r,
Uo(0) = Up(k,0) = g / / /V u(r,0)e *7d3r,

XM — A AT A B AR R R, O R — AN B ¢ R, XA B
BT LS J i £ B R ﬂﬁﬂﬁiﬁﬂﬁ*ﬁ Aﬁﬁ%—ﬁ‘fﬁiﬁﬁ%ﬁ@ﬁ,ﬂf
AR A B, RATE Lok T XA RS, R 2 BFEKX (8-1))

K- H _ pke 12 ox ipkc
2mihV sin keT P 2RV sin keT

x ([UZ(k,T) + UZ(k,0)] cos kcT — 2Uq(k, T)Up(k, 0))}. (8-131)

(8-130)

Mk oy R, Bl BBUENR 2, /Ly, KT ng M 0 F
Ny = Ly/d B 8% X B, d 27 EBE, MRS S\, 5ot i @ ikis
KN Ly, Ly, L. B, EEELIEWRE R FRIENE, XHaE 8 X4 FRM
T TR AR F AN s A () B, T R S0 AR BR L AR T BB A
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X% R TR eI G T 2. TR 25 2 (8-131) o e A 45 BT i i AR =X, BT LA
B S L

NeXp{hZ/// blIlk}CT

" g d3k
x([U5(k,T) + Ui (k,0)] cos keT' —2Uy(k, T')Ug (K, 0))

W} (8-132)

TEX S5 45 B P T MERIE 5 R Uy (k, 0) 1 Ug(k, T) I3 2. Xt
THE T B A X 2 R B (T B 1] S T BGR T w(r, 0) Fl w(r, T), 405N (8-130)
i), 3 (8-132) BN ATUB R b 52 R, HREREE R XA IR, 1T
[ 5 7 56 3 G0 T 0 M B 0 BT A 1A R, 38 0 7 RN I RS R

88 =FiFit

{5 1T Ak B B U2 AR T 5 R RORFR, L0 w(r, t), EBA IR T IE4S

), BB BB AR H R, LLBERATT AT DL 22 i b I 25 4. 7B X R B0, FRATTHE UL

w(r,t) 53, B2 845 — s 0 sR B 72 W28 o 9 4 F o, Sl 2 7 i B
Y. MX ARG, B ARG TR FEARES, ATRLHE T LRI
. AT LAERLAR B H OB 07 BB A B H & T E AR Uk, t) 235 R EAL
A bR, EX LB BRI R TR T R AR RSB R BF . TS B B ] T
i, LAl X i 26 37 i) £ 53 #r.

EWMEMNELFRN, R THEP, LFHESOMEE D FREuE
sh75 AR, LA R B ) IE A, X R 58 2 10 & S0 JRYE Bl vh i 7E 3h. <R TFART ok
H B L R R AR E R — R F ik, BN hw(n + 1/2). #&iX
P SRR B B 7 08 R R KRB 19 07 B W RRBR HE IR, AR A B B T
S A 2.

ARG O, RE AR (G075 (0 B 5 58 f5 28 i B Al 7 2 Bt () 5 b
HEHEPR (UL ) X —FMEE. XL BT (R F . &
TR TR ENREET SR YR B AE. B, 7675 M5 00, AT S
RE VS 7 R A A A AR B R S (BN F) 938 3. SRS AT 5 HEl, KK
PR 2 S P 3 e, 3F HOR B R AR T

EDBAF O, JB T RG24 M0y B R B, SR i 1 Oy
A B BT S S i R EAT. B, B A RO TR 0 7 R R B A&
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KHFBRTO. EXFELE, G- NRBEERFN: YRNESBEREFH
¥MHERE, BRERESER FHMNRT. bl XM FETHAL. 3
e A LR E & Bk T.

B %P AREEDS —RKGH B, AR EARF L E#RG R Hh
— M FRETIHITF R R, CR AL R XEFESE -
7R, B 5 RATHT MR 5 75 B R, SR A R B9 A A 1. 1E R
B P A SRR () — R, — 2 e b O E G 35 T LR S A B s AR ok £ it
iR, — P BRI, MR E TN E E RGN GEA & TREK
B nhw %555, NI X ka2 & FIAW. XEEFHEBBEISHNERBR. &
A BB H R B B A VO R AR HE T HH Ok, BRL R H B A A RE B AR N TR A R Y
K . B R AT R A A (TR SR A B, 10 6 2 b AN 3 e 3 =6 7
BRI, BATTREEE e bR R EE N T RITEES L
B PR H TG X

B &E X K T i R 7B 512 4 B oe sl BT A S2 56— 5,
SRV IR A e o 3 R . 3 6 PR 5 U0 SR 1 e K A O R O .
RO HEAT BN WA A 10 DX IR, T 45 ol 45 1) 2007 2 5 3R 40 2 . 4 N A PRI
MESLPR B FEIR BN S AR IF AN H B, (R R 2 AT A S A M AR K X, B K
E 5 FRIBEAH LT R XK, 30706500753 S0 . Wik, 7SS T
Fo TR B, 75 A7 A BR A AR AR ) B H R A PR Y, T AR H RS R, AT AT R AR
A 19 B8 E AR 2 TG R £ 19

Lorh & &R NEM AR, RIOTEHHTH 2 K, ERREET
BB F IR X TR & SRS, AT e EF; T argis, o
HEF; A FHRH, HANFEE. LEER Fhn] LRSI — D508
EALGERF-REFARTFELITIR NG BITKRE KT, Hb+
MR AAAHZE IR 3, HPIAE B H BB P AR ERNIBIRTHES, TER
AT 55 ik, & TR R A5 69 35 FR b B €5.35; A1 IS AR T IR 3% (0. 58
i, BN FR G, XA SIS R RA PR, —DNEER ky, B —A
2 ko, BERA —MRE; W2, HFAFEXHENTRS, Kb — R Trik
BOK ko, BARAF IR k. B RGHAE —FRES: H ke Al ko B4
RENE—REH. HABE A hw + hwo, T F A A8 2 T8 U 2> )5,
W — A8 R R T — ANk F B R — 2, SE 5B EES O F IO L, RATH
B A0 b3S S I A

® M. S. Plesset, On the Classical Model of Nuclear Fission, Am. J. Phys., Vol. 9, no. 1,
pp. 1-10, 1941.
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EEE 8-7 —MiAN, HEAREPHER T (WP x A F) Bl aTELA
o(r,t) HFRARE, HABBHERN

_[1 9¢ ’ 2 2 @ 3 »
L‘/El(ﬁ) — |V + 0| &, (8-133)

Hob g BEAEE ER: X500 & T HOREMN T3 exp(ik - r), HA#
K HE

h2k2c? + p2ct. (8-134)
18 hk = p BRENMAR S E, HEER 2
E = +/|p|?c? + p2ct. (8-135)

XEEASE p & v R FRREEAHEMEARX. FE: 4 p? B/,
ERIEMHE E = pc? +p?/2u+---, BISA: BEER uc® in L shEE p?/2u.

WAR— RGEHARE k) BOR B B FRER, ke B —RER ST, AT
EXFHREBRBENRZLETEEIWASEN bk BT . — 1318 A hko B
BT FHRRE AARERSEREH AR THERNRE, MRARZEE. GikT
F1%) 984 A& IR SO R TR T Y 7 A AT B, X R RAR X e T e KRR X K
i 7 i

89 FiHIEIRF

fEX—F B, HATC LA T ik 1, DR LA X R TR
AG BiRTEA RN, AS5HMAEMREEM. W0RBANTA B LB X Lt
FZoue HMRAENA LT, sEZ5 W T, A8 48w ik — 5 &
I 3B X TP R G0 F 4G EEERSN G FRZEF o+ | iEN 2R
FoF . AR A R T MR IR TR AR S R A B AR, R
NI & — B B AR R, 10 R R R G A i 5 s 3 A0 B AR FH Y
IG5, T — B IADRE T 1 — MR A I a) AL At AR B0 AT DL O B L
He 51 #r.

3K () LA A BT U7 I (1) 35 0 R — 2 M S AR (2) BANRTF 54
sCHAl RS EAEH]. AR W C LR T 58 SR T i 13]G

Ay il 3 2K 1) L ) SE BE AL, LR 43T B A Uk T AE AR B T RO I
BATHHEX I W AEIFA T EiTie.
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FEX —45 oy, AT E1 Sk R B 5T i 4k 7, A BLAE B 5 A S S st 2

PG, X RGEH P H & H

M 2
f = 112_412 = 2‘" 22 — f(t)z (8-136)

i, Hoh f(t) 2AM 1 T O, BAMBR R E—E R ElfE ks T N (N t=0
B ot=T) M EXAS, FHit, ik FHEBIARZ] ¢ =0 AT Z t =T #HEA
Y. FEMEL 3-11 W, FHATE g ie 17X AW, /58] TIRT t = 0 Bf %
Ml g KR, 75t =T B2 BB o, FIBEREE. (B8 T H AT #9 R, 5
B2 R B R E R BN R PRI 2 t =0 b T o & MAEL THZ t =T £ m
SHEREBWBERIE Gorn. XNREHE W AR RR T N5 .

TETT 8-1 h, WATHARE T H Ik T BB BB AL o (), TERIE 3-11 1, &
ISR T 438 5238 8 4k 1128 3h 9 2 46 7. X3, @ J AT AR L
10 5E BERME G

o0 o0
G = e/MERT / / b () K (21, T; Ta, 0)dp (24 )dz o dezy,. (8-137)
—00 J —00

T m=n=0KHEE, XNRSEEH K, KEDEALITK, B
O JC AL (T RE R R XE. 45 R e

T t
Gog = exp{—%—}v[; /O /0 f(®) f(s)e_i“’(t_s)dsdt}. (8-138)

A m Ml AFET 0, MARSZ A TR I —28 SR, FATAT LL6E A 7E a8
81 I B [ 2R 4 5. AR Rt 3Z 18 iR T M ¢ S EE] x AR,
PPN SELERME 8-1 E X T. XMHEHEIEZ

F(b,a) = ZZGmnw ()¢ (a)e” M E,T

m=0n=0

= exp{—M—h(bz +a2)}

o0 o0 pman Mw (m+n)/2 il "
x Z ZGmn < 2h> e HmHL/2eT - (g.139)

Hrh M 2R FHE BERX (8-28). HERNTLUEE F(b,a), WA LI F 3
EL exp[(Mw/4h)(a? + b2)] T3 ] G, H TR IXXBIFE o F1 b IR



8-9 FiHIERT - 183 -

B OENFRATE S

- ()"

X/OO /oo e—(Mu/zh)(xb—b)zK(Ib’T;xa’0)6—(Mw/2h)(za—a)2dxadzb’
(8-140)
H K(zp,T;24,0) B ZBEIERFHEET (WX (3-66)). EXNHEBREH

a8, AR AL YO B, R 5 52 x> B4, RS RBUZ BA A
JUK, MG 4551 H

F(b,a)= exp{ - ﬂ - &(a + b2 — 2abe™1T)
i M_ * —iwTy _ 1 e —fwfi—s)
Hy 5r (aB+bB"e™7) 2th/0- /0 f(t)f(s)e dsdt},
(8-141)
Hor

1 g —iwt

g = \/25— / f(t)e “tat, (8-142)

’8* \/2h_ f t)e+lwtdt (8—143)

fE0 (8-141) H1, & a = b = 0, BEA[ 195 Goo WIH. HERER (8-
138) MilF). ¥, MBS #RTH, FLIER AL, H4 2 = a/Mw/2h,y =
bexp(—iwT)y/Mw/2h, FAT K,

3 S Cunt== = Gooexp{ay + 1Bz + iBy}. (8-144)
m!n!

m=0n=0

EHB IR = F1y MRS

L

Cn = \/GO'_OnZ — i (n n')irt Mag)" T (6T)™ T (8-145)

Hr L& m fon h B /NE.
RO T8 4l DR T 3230 VW IR R R AT AE R — B — e R B

, FF L BAR B A I, RIS 5 5 45 5
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X —ERT IR R T SRES Z M HEEM. £ 76 PRINE L
R XFAHEAERE—A6 7, KPP HENAEmEas T L
B OXPHEIHENAXEEGNTERES A 76 AAHE T -EHNEH
By iz s, BRA W R KETE A WA i 3855 40 e 5252 3hoRL T 5 e 45 07 T
AT IR, BPAE XA (] Y 28 6 I 3 b 0 A B 5 A AT 36 3 1) 3 ) 2 69 4 A
X AR A48 5 B8 77 SRR — A U i, B R X s SR — SR R Y
A, LABORLF #9328 3 X X 2 3 A 5% i B A4 BT

X — R AU KSR iz sh B O, i RO TR s O K
1K 22 3007 1 9T 46, I HLRI 22 sa 7 =5 T AR 4 5 1 AR WL 39 Y Bl ) 2. I Ty
RS2 A A5 1) J3R F) v A7 25 BE A R R R BL S (9.

FERILERMNC & KM, RBRNTAES H f/ME H B R T g g
BERUR MEDHEMN TRELMRAENE T H¥EER DERIMNELE K
B, SRR AR o AR A S ARAE A N T 2 s 3 Oy 7R, IR 4
FhHFERBATRRIMT: MAHEY TR S WEMFENE, HET %
BER IR exp(iS/h) KBRS, BRI JOE FRIMFER B LR « MTA
] 5B f A

Xt FHATH AT, R B, HE el H T RARR LB )
Sl U s/ MER R IREE . A —MER & S, TUHEAHE A Hifn# ¢
T, HEXMMEMBEXIGER o(r,t) F1 A(r,t) BUE B RAE, 53
— P s I E R AXE R, FH TR RA TR FHRIA¥EATHT
BRG], — D EERER
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b
K(b,a) = / e SIS/ D A(r, t)D(r, t), (9-1)

Horb B B0 BT A R ¢ FERS 25 5 — A9 & BN E, AR ENZWEF T
RIUG RN T A B3 B R

9-1 ZHBIHNF

ERTHEAEA RN EER LR, B sl 5507 AT iR
WFs R . R R B PSRN E R TR, W EREAY
K, BIRRWHHRE, c RIGHE, j BT, p RBAHE, W&Z i+ #
i)

V- E = 4np, (9-2)
V.B=0, (9-3)
10B
VxE=———" (9-4)
1 (OFE .
VxB=Z<E+4m>. (9-5)
HAA e, X8 FBRAHA R, B
.__Op g
X (9-3) BWKE, B EFEXE A WiEE:
B =V x A. (9-7)
XN KRN E A; AT LU & B EUE. IR
V-A=0. (9-8)

G SR B SR AR A U7 AR 2L 1) 52 42 I 8 0 A X O O 2 X R, AR A X AN SRR AN T
By, XA R, SN (9-8) Brfs i 45 SRR M X8 AR AR ;R Ry ix s 4 51
5 V- A MEEIR MR, PIEER, IFHATERAGAENE] ER
A TS B, AT G I 2 2 T AR AR X 38 3 {00 ofe 4k 28 5] R A, (BB A 3 F 2k b e
i, BATBA A R B AR AR A AR B Ui i FUR B 7 i g b 1
Joi, T s HE X (9-8) AT 45 SR B o faf .

fRARK (9-4) W, E+ (1/c)(0A/0t) HITERE T, [ I, & & 5R R34 #
gl 10A

E=-Vé¢—_——- (9-9)
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WA A AT S IR E, TRARES BN, X (9-2). (9-8). (9-9)
CILR
V-E=-V*=dnp. (9-10)
WEp=0, M ERXE®RE o =0LUIK E=—(1/c)(0A/8t). TERX (9-5) H,5 =0,
HBEERH Vx(VxA) =V(V-A)-V2A T£

16°A

2 _
VA - S5 =0 (9-11)
X, A BB B R — U3 R
MR AT R A, BD
A(r,t) = ar(t)e’®T, (9-12)

ARG ar FITRER dar = —PKar, XBEWRE, ax E£EB—1 a FHKHE
MREEAWR w = ke MFEERT. Lt ap AEFNMLOEE EE k
Ji i B Bl AR E. XK (9-8) SR, K (9-8) ATLIEE N

k-a=0. (9-13)
XFE, B EM T B RIERTES, SN TE&—14 k EH K%

B 9-1 UERH: XAV EEAF K E, B, k HARZE .
FERBMSERMMNE RIMEHFE-KATEHERT A M ¢ KRR
FEL VAL 2 3 A R A R, D

A(r,t) = Ve / a(t)ek (‘21;’)“3,

o(rt)= | m(weik-r(‘fT’;,

itrit) = [aerr 2L,

)= [ (9-14)

B 9-2 R N 2AMBL TR Z ¢ 6 F x(t) = (z(t), y(t), 2(t)) HI8EH
fiT e (14 L 77 5 B

plr,t) = ed(rz — z(t))d(ry — y(1))d(r= — 2(t)) = ed°(r — (1)),

UERA:
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pk(t) = eeiF=®), (9-15)
HMEER j(rt) =ex(t)83(r —x(t)). HAILDBAT e 62T zi(t), W pi
N g BI{E R

pr=» e FE g =N e (t)e (), (9-16)

WR E Ml B f)EIFAZ

3 - 3
Birs) :/Ek(t)eik.r(gn’;s’ B(T»t)Z/Bk(t)e"“"%.

R = (9.9) #1(9.7), B AR EZHE

Ep = —ikor — \/‘Edk M By = \/éﬁci(k X k).
3L (9.8) 1 (9.10), V- E MR X R KR ik - Ex = k2ow, ITUTRATA
K pp = dmpr B ér = dnpr /K2 (9-17)

PR on SE R HLAT R E p #5E; 0B SRAAEAT (B0, W B o BRBE R 1Y) Bh
T T .

B 9-3 UEH: KRR ¢ = dnpe/k? REREEMIT L2 o £ HHB
—W 2B EATRENECE, TR, ik, & p hER S R ML B AT
e; I, MIZ BB ¢ =) es/Ri. ZIRRR (9-10) MK A

T (9-5) 1 EoR R, B~

1. 1
ik X By = EEk + E4J‘[jk. (9-18)

B ik x By = —A4nck x (k x ax) = VAnck ax, i Er = —ik¢r — Vaméy, F
AR (9-17) 48 dp T H dnpr /K2, FA175 5

0
ik + k?clay = Vin (jk - ‘k‘z”‘> = Vanjl, (9-19)

H AP BAIFR Jr, = i — ikpr/k* H jie BIREEFE 2. 1 (9-6) TR B FTE
ERBERE pp = —ik-jx, T2
Tk = Jk — 5 k(k - gk), (9-20)

HE X i B ge EZH k1 LHSRFIFT RS R k5L =0.
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FeA w5k C 28 & s i 45 Oy B A AR F R R B X, B 1R 18] 69
B A AR AT LA, AT BB A =X T a4 k HA WA 387
B, B BEZ AN T BB  BAT AR MIERT. B, AL
FEHT kEWANTERE L2, R oap fEXETT A EE RN are 1 ag e W
Zwiif AR

i1,k + k*cCay kg = VAN k, (9-21)
dok + k*cCag = VAo g, (9-22)

FHP gy g il o 2 gk TESKEETT A BB B. CHAF ARMTRBER TR 5
943 57)

BNMERBEE RT3 NEOWBEEINNR (9-21) M (9-22) d15E
NHFRFRBFRT. BT 58RI FAL, R 575 2 60 8 /IME F it 51 5
Sl HE BRAE S X R i BIE B TR, URE 48 R T AE 5 132 3 T B X
YEF & R

S =28, +S;+Ss, (9-23)

He

$5=%" ’% / |&; |2dt (9-24)

e AN g I B AORL T R TR G ORL T ) A R D A, BTN A

Sy H);
- / / [p(r,t)d)(‘r,t) - %j(r,t)-A(r,t)} drdt
=Y / {(ﬁ(xi(t),t) - %a’:,—(t) - A(:z:(t),t)] dt (9-25)

&5 Sk A AR A HE R
Sz = 8in / / [E? - Bz]d*”rdt
& ff et

EGWENE. B8R A(r,t), o(r,t) F zi(t).

© X BIATR A, R ER A B Fhash e —HWNas TR FER T
Xt BRSNS ) L RO X R ATk, BT R E R R T
it

— |V x A|2} d3rdt (9-26)




9-1 LHHEIHHNZE - 189 -

B 9-4 FET 21, AT IE T HIEHE s (9 BIRE 172877
AL, X A8 SR it AR BRAE S 6, BFSRTE 65 = 0 254 T MIARAE s 15 F]
. ML (9-23) s LIPERI & s #HER A s lir 5 TR, TR, X T AR ¢
) — B A2 43, 23K 8s = 0.

oA R R ap RaREsh ST BERF A, fril X EERRER
EH B EEMRN. KX (9-14) A HRELRA S;, 18

2 3
L [¢_ 2k x ,} P
d3kdt
// [lgb |2— + ay, - ax — k*c’aj, - ] @ (9-27)
52 S5 d3kdt
= //[P—k¢k —Vanj_y ak]W. (9-28)

A or = dmpr/k?, ¥ Sy F1 Sz F 5 op HITRAR NN, 25 H
Pkl) k d kdt eie; 99
// /Zzlml—zﬂ (9-29)

ERXEM#H TR (9-16) UK /(4n/k2)eik"d3k/(2n)3 = 1/r. XI§ R HE A ZE
4 P& A B AR, G R 2 P R S RN B, e AT R T E R . TRRAE
XAH AR FHAFEEY RAE & Spay

Smat = 51+ Sc = / Z ( t? - o Z ]m,ef]mj|) (9-30)

HEH S = Smat + Sint + Sraa. XFE, ATIE BB B MEH B Sy 43 B 4
— R xf BRI PECAH B AE A STk, BT M IRAIFR Z RS 5 Sraa (BB EH
Aib 3 XF R I 37 B9 2 WG IE, E I BN R, A RERIRBER TR % %) 8
NHMERRRE S; BEE ¢ BT, B

1 Sk - 2.2 * Lk s 2 2 % dskdt
Stad = 3 (a1 w1,k — k*c”al gai k + a3 paz .k — k°c az,ka2,k)@—n)§, (9-31)

X ERIRTFUEAE SBRFSETFROHEEHER
3
Sige = \/‘E//(jl,—kal,k +j2,—kaz,k)(22—gl3—t- (9-32)
BAR, BAEHE S X T arr Fl age BIAESF4A BT FE (9-21) F1 (9-22).
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EREWHLE L (EHE S 2

= . . o (1) Aokedt
Sint = 4nJZej //(mljal,k +.’E2jaz,k)ek 5 () (231:)3 v (9—33)

Hv gy, Mz, o, EEEHT ki EMsE. XA, JEM XTI S 24 F 5
HE¥RN 2T EEHOEE T ReEP: K (9-30). (9-31) Fl (9-33) BIAI S 7674
' x;(t),a1k(t) 1 agi(t) MBS RAELR BRI EM. BEFHINN%H exp(iS/h)
i fe X L AR TR AR B, T R AR X — S

W5 95 HEEH ﬁ/Ede"’r w . E ) B R (B e = 0)

STEN SR / k(ay, - aw)d®k/(2)".

9-2 WEHBMEFNZF

MM S PRGN E T TR KN ARFEYR, T2 BE
R RS 0 &
S = Srad, (9-34)

AfkFkR it (9-31) 4 BAR, THE — 4R TOERR EHAER
1B 2B B (9-31) IR Fh 23K 20 M0 — B 0] F. T {73 B B4 0 45 A\ 2 o
B i BB, BIIA S BT e 3h ) 2 RS R TR R B T 122 4R T
GEIR

ARG W RAT U, XA k EA B HRN w = ke B3 (HAL 1 A1
9). XFFH AR — VK, FANE ay g, T L AE 5 0 A 2% 2

1
Eip= (’I’L]lk -+ 5) hkc, (9*35)

He ng g AT UCRAETIER BT

Ao =1, WA, FEE—DRIR 1. shE R hke BET5 — g,
HATUAFTE nype TRXBEHRIETF. BAXEEFHREER ke

LU, S 3A117%5 &%) -5 58 5 Y 14 R B A P At R B, 00 R 4 TR R MR
ST, BB hw. AR, X 53 B 5T R OR # B — .

LN A B, WREREE n A KT 8T, AT DU R IR
THRE n. B, BERENAR B, Rid, RSB IERTFSME N
KLF Z 1, BAE H, A — B Z 8. flm, BIEAEEA 0, AETE, i
Bng =1,np = 1. WAFEU, H—IMHFRES o 5—MLTFEE b HAEE
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N RE— AR AR, B, F—F, R EEFRERE X RAPTAR
F, EATH R RO . R 3R AT ol LU SR A AT RE R SE — AN Tt b &, i
AN FIA a & MTATHIE o BLFHFF 0, AT LR H A 2R 1 () 2
M. RAFAD a B, BA LR ¢ fy, il o BFLETH f(z) RRHE,
il y LT Ak T2 g(y). T, R G0 oR B 2

Y(z,y) = f(z)g(y), (9-36)

ERMANLR « My MR HA A S —MRE, y B FATE .0 2 L
TFARTE g, X FEH T — RSB R L

Y(z,y) = g9(x)f(v), (9-37)

EARRE T (9-36). HFERFHLELFE, B o BLFIREE, X PRERE
LX), WATES 1-3 E&dFd, ELEWA — T HE N (R 6
REAE 1 7 B ) X T o kLT, AR A B Y DR AE T AR #R o BT, U E
e BE R SR U — . FEXFIEOT, BT R B R B A RER

Y(z,y) = f(z)g9(y) + g(z) f(y) (9-38)

(BB SEE S —k: & F 5 g BIEXBE—/, WA —-NHEF 1/v2; %
f=g HEB—M, WARKEF 1/2). 3T a B+ F1H AR M BE 651 10k F,
—BHAH Y(z,y) = vy, z). TFXREFRAE—-ITRES —PMRFLTE f,
mMA—1TFEg.

E &b, HIATH BAHE T E Rk FHUR SR, BATHRB, b2
Bk, WA A 4 R —BUW. XHE B RE ne =1L,ne =1 RRBEHNN
F, =TT ad, —T4TF b & BEZHIFRFEEFORE.

XFF A 17 i SO AR 2 KR, R AR IE R R AT, AR BN
1B, 252 0 AH Bk

Y(z,y) = f(2)g9(y) — 9(z) f(y)- (9-39)

St F 9 KB, — B, BERE o (z,y) = —v(y, z) BRITFRAY. LR, Xt HE—
ARG, BN 2 KRRk UL, B RLFAATEE G 8 R — 1~ 3&. A 7ERX (9-39)
F1 4 f =g MBEF MEHENEFMBED o b F—8, T EER—& X/
WFHBT n =2 IR TE.

YR AFAERS A — R R SR 5, ZE ARG ST, ol LUE & 4L B8R Y A5
E—Fef g Xl RigIRE (RES) WEE, P reEn UBEd TS
&, TR AR, 2 BAE, fA7E— 2 fERY Ik T4, B TR 20 i b 24 & 2
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192 - EhE BFEIHAE

(O HLRE . XK, 2 S R AT A — 28 | i R T, (HBRAE, A8 B RN £ Rl
R, TS SR Y- T AT I A D AR, PR, FRATTRE X L IR 1 4R D B AR TR #E AT 43
B, JF H 2R B = e T2

9-3 EH&E

H=gE R HA MK R A i a7 RS R H AR B B A O T 1
WA, BAFHRSHE S XERE, WG MK EER w/2, Xd
w LB EY IR, BLAE A0SR B AT B A Al AR A B X 2 KL 2R BB B R A, R 4 B fiE
- TMARMET, T AR MR, TSN EHUSTRE, HIEER
JETOBR K. X 2 BT e 3h T 2 2 18 B R 2 RXE Y 58— MR,

6 H R B0, X F H2S R0, XA 5 v iR Y. R AT
AN TR B ORI AR R RO W BORE R R B AT AT W BN 9, B LA B
4 B it 2 0 T AT 52 1 14 A ] S 0 45 SR AR B S . IRt FRAT1 48 B Sk
BoRHFE. TR, SRS S 6 & i

E=Y njhw (9-40)
J

g i, Horp RN IBGE 7 T A AR .

1P ) A, b TE BT U AT LA SE AT AR A BR R S A Uk SE PR b R AN Y.
ARG TR, MR EA 5 R, &2 A 5| RN, B ks aEs K
i #. DA, 2 4F A S5 BOVE S 3 1 A ar, T O P s BE Bl IR 5. 3 Rk
&, BBEA hw BETRETATI RN, AR ESERET w/2 BEHE—
PR WE? X EEE AR R EENERERGRYSFEENERE
e 51 J1357

HY F R 4 25 6] 2 L 28, T DA R G 3 L 25 A5 R B A AT R AR 2 AR KA.
Fe AT AT RGN, B SRR, 7E BT sy 2E RS B S — s
Je 55 R AT LA Zh 25 BT R0 T £ 7 S AR SR b A, 3 AN B0 IR i, B A AR 1 A
FEAEE ER B ) BB YA T % B A A A A AR 4 R, AT
TEREAEMIESGERY: EERKEAMELWEZR K ERKBEHFLT, &
T BN I ERUIR L. FE b, BRI M A AMF AR, X 8 e B R Al fE
P B S i DR, FE B D DX P P A X R A BeE R A R, T B X
Sl AR T AR P U A A R R T R K B R, H on Sr 2 — R
h/mye ~ 2 x 10~ 4em.

AR A T, TEFRATHE R B B SR A R AT B BRAE. Knax = mpe/h LA
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T T AR AR XA KA, AT B AR R K SRR N
By  _ /"m hkc 4nk*dk nck;iml
B A 0 2 (2m)3 82
(FEE, B—THF2 2R AET E ARME) E£XPERERU & EFRH
S T A

(9-41)

mo
B AR
BAVE—FB N ZE, XA R R S A AR R 5] R, H 2
MEA M. RTaEX2d THAERMMUE T ES TRAT, RaHE
JUSCAHXS B TR R (B, X B E S RPAFR KN S, BHEFEET K
JBE), U3 A 280 AL V2 BRI e (ER I FE SR B AR I E IR i 358 b
Tﬁé‘ RBEFBEAT, © R E s SRR % R R A FRAY, S AE 5 A A Xt
WAAEYE, BUAE 58 A RN X KL R & X
RERREESHEBEEEIFTRERBZN. B HETR I, B8E AE R
55 (B B AR AR Ak ) AR AT SE 5. S RATHE— 2R T B 3 ) S U A & &
B, 75— R EORR A BT e R
HEZRERH —HR 7003 eh Bt 2 B0 B R U e AL S A
& T 1,k BBRBOE T [W3K (8.83)] exp{—(kc/2h)a; ca1k} FHH, a1k =
ark/VV TV ZIA—AF (W 4.3 7)) AR Bk, BMERREE (EEE)
PR B (T LAAH 22 — N IH — 168 50):

=2 x 10%%g/em®. (9-42)

Py = exp {— Z lzc—;(af’km,k + a;,kaz,k)} . (9-43)
2
B 9-6 HIERXBARZEL REARIEH, FHAHRERHX A%
XL BT (SF R 8-4).

BRE 9-7 IR EZAT af ganq B EER (h/2ke)0k.q, T @1 ka1, K

2 (h/2ke)6_,q. X T HE r, BT (@ @1,0)" FIBTEME AR, HMUEHY p £k

i, QAT A3 FR (@) k)" (@ qT1,q)° BT M. IEW (@1)? B (a] )

AR AR, GE BT o BB EE T, FUEBH AT LU AR T a
oy a* e R H 25 A .

B 9-8 XMTHA-PMHTFHETE Lk BRE, WRhmLiEn
TR T — I ¢ SMERR 0. (HRX T —MRTF, ¢1(2) = V2epo(z). FRWE
IO M B R BOR R BE S S 1 TLLIE AR R AW RSN, iy I iE 9,

— T HBTE 1,k SR EEOR a] b0 ERAE—1b. H—fEF °
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%%/%mﬁﬁﬂmaﬂamﬂkMEﬁﬂéﬁﬁ&MEL—H@¢EﬁﬂﬁE
J& h/2ke. BT LAIH— 4L O F SR

V/2ke/has 1, Bo.
9-4 FEYHRHEEEHR

FIEM T LA BN S5 REAOHEEERFREE fEAERRR (9-
30). (9-31) #1 (9-33) Al LIBA B F B, AT AL B Y R R G 5 56 5 ik F 19 4
HAEH, gt T KRR R

RIE = expd = Sma int + Sta } Dxz;Day Das . 44

i = [ [ exp { (S + Sie + S [[oeusPoe. (040

190 45800570467 5L AT 58 8 50, B DL A A BU, T — TR AT
LS,

BT RS RBH A2 16 T 05 A R 2R 55 0 2
AL B, TR M AD B B, LU 5 BT B 4 8 0
Sl s R 31 T2 4 0 B B (TR 590 A 6 A6 5 £
S N, I FLIE R IFEI— ).

08 S, WA R4 E ST SRS AT N 005, 2 S5
FFSMAERY By ERECD Uy (2), Rt @ FARRTFOETET 9 o 8
B (005 T LU 48 2 S0 o e RO ORTASE, 4180 R 40 0 R

E=En+ Y (nix+nox)hke. (9-45)
k

X AN 3 1) oK BOE: — A TR AR
¥ = ¢Yn(x) P(n1,k; n2,k), (9-46)

U (n1 g, mo, k) 2 58 51 3 B9 2 eREL (4R 7 U2 BB B T RR).
AT AR RS TE I, ATH B — R, Hoh R F AT R A
% M IFHAFENT (T np M onop WETE). XBWRBH

Vo = Ym () Do, (9-47)

Hop oo fia (9-43) L AS, BKFAFrH—8E N, i BHER— K
T B, KB hg Ay 1. BRI 9-8, B fR AT i e o B @), Do; 5E
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Uy = Y (@) a4 0. (9-45)

BTER T FREVERTER (B ), BT R (6-79) B2, T EMMHAEX
P25 Z A Y JE B TT Voo WARIE BB (9-32) XY Sine, B HIHIZ

V=—VAn Y G101k (9-49)
k

Hoh j) = dik/VV SEEFHAERSE R, MTERE 9-2 PIREE. X AR

2 L _
_ // Wi/ -%3 B3a1,aVAn S Jy _x@ikton Gode [[dare,  (9-50)
k k’

WHAHREA 5« AX EHH

| 8mge o — = =
Vba = = A Zk:/wle,_kde:E‘/¢0a17qa1’k¢01;[da1,k/. (9—51)

o MEZSIWEEC TR 9-7 15, R/

/ ®5a1,qa1,k %o [ [ dar e =0,
kl

Bk b = —q, ZEXHWR T ER h/2ge. IERATIBA T /w}"\,jde:c 5 %
()war. B, XA FRETER: Vo = — /IR0y g vm. T REHBE R L
[ZFE XK (6-94)]

2 2mh
(%) () ralkard(En - Bae + o). (9-52)

— B, BATT RO B AR B — N RE G T 89 (R TR BT A AT AT A
A 1 BT A S NSRS de RIBEER. N BT A R L T X A7 19 B9 g
ER . RN q [EREE 2 d3q/(2n)?, & q ETERRRR T 1), T 75 22 X
q*dgd2/(2m)® HFHY dg By, FREANEH, BRRIHMERE

dP 2m)? dn
e = [ B ald By - B+ had? G (0-5)
Xt q BIRR 45 N AE q J5 [ RSP HE S AR A e MIRAEh 1 % T i HE R
dP

B AR BT R
Em — Ey

h

w=gqc= (9-55)
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BEm 9-9 XFIMMNLEINERRZSE

(Jre)nm = Z(€i€1 ~die R (9-56)
Hrp ey BYEHRALTrm RN KB T e Fl x; 255 ¢ AR 19 o faf A7 &
BBt K R T RE KB L, AR E ¢ 4005 6 I ek B 7 16 48
o1k RN BE RS Ab SRR B E. UEBHIRATHE Z AT LI 1 LU E R e @ Jf
Al M T E A

(J1e)Nm = iwer - N, (9-57)

Hrp
KNM = Z(eifﬂi)NM- (9-58)

PR v e FR N JRLT B FRAB AR KB RO 4B B T, 4 92X (9-57) I A AQ O LR b 18 4R

AL UE A, BT B[R] Y FEAT o] J7 10] | & 5T 06 Y B R

dP 43

9P P (9-59)
F25 (9-54) XFERA I B4y, 104, er 5 k T E, LKA B A AT e 1B 4k
1]

HEBMBZETE KABEHGRRN REHEEZ SR, BrARANT TS
B2 AL AR B 4. X B IR AT A T AT Xt 2 (9-44) 2 AR AR
B oayp M oazp B4T. ARG RTEF VIR, B AR BUR M B FR, B
¥l RESEERES, iRFLEHFMMOEFHSBIATANETFHOA. BRI L
5 R

R = / (/M Sma X () | | Das, (9-60)

Hrp
X (z:) = // e(/W(Sim+S:a0) T] Day pDag, (9-61)
k

ox BZ R, BEMBAERER j X FAL. FAERRRESMETTERE
A Z(Sl‘k‘f'sz,k), Hrp
*

S,k = [\/E(ﬂ,kal,k + 71,101 &)

1., - K2e? . hkc

2
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AR X AR T TR A SO
Y= [ew{y [ [VAG xmx+Tiatie)

Iy .o e, hkc
+§5T,k@1 kT 01kdLk — }dt}Dal k

ty
= exp{ hkc/ / J1k(t)d, 1 e(s)eikelt= 3|dsdt} (9-63)

JE LR AR LY, RAMTE ST 2R, RASXEE FREEARMM AL
e, R Al UGB A s A B 32 hr b, XA EF S 2T 8-9 it it ad Y fa)
S 3R (8-136) HH BRI AR AF BRI £(6) TEIX BLE /Ay (1) 28, T w = ke, 30
(9-63) H 5 —£iER M TR (8-138). B k AL I X R F T4
X = exp(il/h), X,

. 7T * % — % = ¥ —ikelt—s
I= IZ _/ / U16(0)71,6(8) + J2 k()2 k(s)le kelt=slsdt. (9-64)
— ke Ji, Ji

BORE, 07 B U2 B BR T 11 55 4 P 0 A B A 0 B LA
m&m:/&m%wﬂnnu (9-65)

FATR S XA RIS (W] RER 2R AZ MEE 9-7 Hk.)

BR, BJGEHRRE: WHEARLL Spa 1EH, T2 MBSEMIENE S, =
Smat + I EIEH. XMMMEHCKE BB RER. | FIERR T BE—-1TEH
JIT DA A (0 22 1 SOX B A IERR RS, ol LGEM, hiB/MER B (REE S .,
B S ) SR BEAS 3 A e i B 4 R 5F 4 S A T 2 w0 T O R 4 R A .
BN T2 sl 5 B S AR e A (SEh B, R THER
P 4 e A AT e AR ] e /MPE B SR B R, OB A A R S B4 T AR A
ERMN T AT CEHERENH ) XEM T MERE T H¥ERK
TR R ESHK, RITAERE B RS THIR.

—HRIERF = MBS RERT, BRI SR, AidE I HRE
AR FHBAT e. TR I IEHT 2, KA RN 40554 W 5
e?/he = 1/137.039 , X & — MR/ R, HOBHEM & LEAERE, HF A%
WO T . FRIATATLIEUY 1 RN, B2 A05E, B4, B
W R T REZOM RS B, I, 28 T Frs iR A iR 2 HEER B/, k%
MEE 1 BEW (2] e B —RITM, 2 F=X (9-32) PHEMEMERE e ).

@ J. A. Wheeler fil R. P. Feynman, Rev. Mod. Phys., vol. 17, p. 157, 1945.
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BT 6-5 & S BRIEME I8 Avins, HPW R ARG IR I L TE M. & 20
I, 025 o3 oL 2

Miag = e~ /W BT (9-66)
— [
i [t .
/\}WM = E "M\/{(a?b)e(l/ﬁ)s’““I’(,bM(a:a)Dm(t)
ta
i L .
— ﬁ Z/ wM(:L.b)e( /h)smat
Xl_ [.71 k(1) 71 k(8) + 72, k()73 k(s)]e ikelt=slqsdt
ta Jtq
wa(a:a)Da:(t) (9-67)

BAERCt > s FHFARERINAE. © 47 5-1 o B L Mfud K RIRE A E. XT3
TEX AT, X F T BRME, AT45 2

Agar = —%(AE)Te_(i/h)EMT,
Hh

2m
i iUk )mn Gradnm + Gap)mn (G k) va]
k

(/FL)(EM EN FL’CC)TdT

%
2

Z/ 20h |(Jue) v + [Gop)vm|* dPk (9-68)
= ke  Ey — Eny —hke+ie  (2m)3°
(253]  BEHEEAMEL, T HS A

AFE =0F — lhT’y

S OF RaRIE TR MW /NES, BRI, XFAHE M Lamb fl
Retherford M\SE5 R BLH. R

o8 =Y [ 2 (Gs)warl? + [Gaw)wael)
N

1 a3k
e B (EM —Ey — hkc) (2m)3’ (5-6%)

S
Z/@“ Juk)Nm)? + | (Ga,k) ]

&3k

xaxd(Ep — En — hke) .

(9-70)
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JF T A% 5 7E 5 B BB R AT AR K 56 F B BE R IE IE LT exp{—(i/R) -
(Eyp + OE — ilry/2)T}, MR IE T exp(—T). BMRIFES M hrH xR
PLREE R+ FE 8. W b, BN, o MO R AT RE R Gt
6T miEEEIREES N 5K (9-53) b ERM, KX (9-70) )y BAEBNE M
P A REES N B EBRIE .

905 iEETIHHRAIERF

BEEBSIE NTHIRHBEUMERBIE OF, RIMNEZEEMHLHNFEE: H
VWERGERA—1Tizshhe (Fl BAXREEMEEFREZ PR EHE
T), HABFRICH & T jr = exe™ %= FEWBIP, jp & =, IEWMAET 7-3 &
T B IRAE, 7675 18 — Fr B AT AU 2470 X OE A — B n 3k I8 T 3
FEV 0T &2, 800 7-5 hREE, s BRBEAT p B <, 17

SE — Z/ 2nh |pre * (% + [p2e T T R APk
2 EM EN — hkc (23"3)3

2nh d3k
m / ke (2n)3 (9-F1)

B 9-10 Mt AATER /L e K uhE
_;_[ple—ik~::+e—ik-wpl]?

FeATH B AR AR O, BB i T R AR oL, FATAS B MR 35 Y
AERE OER AP K /R X fF FER M B IE, SR ML T RBAIMIAREE, Rom X B & 1Y
fEIE om = dER/c*. XL EFTHMBBRBMEIE. X T L1 A B F, RE
KU A M SN B ash & 52 py M py, WEEFETT (pre ) vy
R, BRAE py = pu — Tk, TEMCTEOLH, EJR piv. XBE, XETRIAE AL T8 1E 1Y
L, RO RE, 1 SER 182K (9-71) M/ — N84, ERITR K.

MR EE b AN R R B 2 S I dnprp_p /K BF, AT
WA, B AR AL A 2 T 6 A A A

1 e;e;

222 g
HERAEN, EX R Y P RS — SRR (=5 &) #
S, X TR F, pr = ee” R F R dn|pr|?/k? = ame? /K2, X AT BR K BT 2

1 &%k
_ 2
6EC = 4me /EW
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X B JEBR KA LT SER Y JC BR K I AN 8 e X I, FRATT A SE T I & IR M
shi bk AR IRARL B TR IESN T R XER

s, FeATME & B ok F A AE A XIS AL B Y B AR X A 3] (B
B Bh 2 I B A AR N & B & s R, R JC PR K B9 B v AT BB Bl 2. Xt
FEARMB T, B~ N F, Br A2, 2 WA, ] LIHER, X E &
FBEIER—LRAETH. 3t HETFT A, A Hm o i+ FEMHEE
YEF e — R B fr, BT Ef S B#gSNARMBE T WE o A FRR
Bom, J2732 M FEE, P A FRREN 2642 N FRE, T2EMN]
252 9.0 N E F iR (3 0.034my,), B 4.6 MeV. a] LLH#EN], X > 2Z{E A F
w3 R .

MRBIMEE LR IMEFEREBE RN E hnax (XA BT E AR
FF), BBA MK (9-71) MG — TR GEE he?(knax)?/2rmqe, B2 i KB I,
HE hkmax/c TR TF n - FHE mae. HFEFT 0.034mac?, W (e2/2nhe)(hkmax/
mqc)? = 0.034 5
5.4mgc  0.8mye

h h

Hd m, & F &, (KATE R FERE & A3, XS4t AE = 0.034mac?)
Ak, AVE LG, S KREFHRN S (B, SEFHEERABRET) A
AR R A BRPE. XA R FE 7 T AT AL 3 A B T R A R (SRR N A A R
s B RME L B TR/ T R Y 4 x 107 Mem AR

XFBABER 1/2 MR, P B UE, B %A —EME. .48
VIE BR, H 3 b e R T Y R A9 B R BB L T o8 42 T LAIKTE IE B RE. 2R R #L,
R X HUR R 0 SRS T (B R B T B AR 4y, fE T 4R B A B IR BR
B, A FREMNEEMNNANESZ =, RMLERRE, KHAKRAN
A 1 2L

X 5T, HRCH REAAR K, LABORE B M T L A, RN IE B fA(E.
FE— K, FrLAiER B ERERAMN. B R FRERK, Bria] L
B F 9 R R RX — S S T R AE R T R R BE ) RE B AL T
oy, BB A4S B IE 0 0 2518, Ak X Aoy ik KMRE 17, UIBCF RIHE & ks
W E AR BER 782.61 £ 0.40ke VOB EM TX N HE 2. XWHREE A TFM
), AT AR A, ERATPYE S R, MY K A TFE
F) BARAYHEFRE T R EHY G, aTREARE, B PRI NEFAE
ATLUAR T RN M E . RIARNBERERRE FRIIN¥EARGH
BREEE R K THAMAERN FARSANBEAER RAYKRMNA T ETX®

© £ F Everling % A\ X3 5 354 B1, Nucl. Phys., vol. 15, p. 342, 1960.

kmax ~
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$r T K FLH A A B SE 26 M B IE, A A BB A E H AT IR T R Bh 1 E 3
W R BRPE (IR A 1 3E).

96 =W

i IR R, SR TS BRI M. 25 F1 2p BEBRE A [RIFERE
B [RBE, kR e B AG H 25y 0 Bl 2pg o —XF TR IFAOBEDL. {H 2 Lamb F
Retherford 7E 1946 4F & B, # L H —N/NEI R (K2 3 x 10° 432 —), 281/, Y
WA E H 1057.1 Me (JERD).

REBIEFAVERE, XA GEREZETEERH T WA 5, HE2E
1947 4E 1 4% (Bethe) 135 #i Bl K (Weisskopf) #EiX 77 1l i T 4F Z A, & B8R
SEETETT KILEL TR AT R XD ZEM A, e SR w T

H5E, BA

1 B 1 Ey — En 1

Ey — En —hke  hke Ep — Exy — ke hke’ (9-72)
ArLARE & (9-71) A KR A =T Z Fl:
SE =8E' +8E" + SE" (9-73)
oo
S — 2ne2 / Z (Em — En)(|p1e™*®|% s + [p2e *2)%,,) d3k
m2c Ey — En — hke (2m)3’
(9-74)
o =~ [ Sl s 4 e ) s, 07)
2 3
SE" = 2’::ch / % (‘;n')cs. (9-76)

T SE" MR T FECI SE, M55 KINH 5 i 7 MR A TG k. 75Kk
) FFp S P diF (RANTAE) BB EMEAERY. EfE&Xd FR®E K
BOTHk om. R mo BRN¥FE, MAHLHWELKFE m = mo +om, R
dme? = 8E" + 8E,. TEEAFFHMEGEE (RIFF T W EM RS aE) , XA
Xf bR K #R REAS I 24 SR B A A B0, H R M IR AT T o B S 00 & fkr 7, il
BT A RARER, RN LEETE. m TSN T, e R ES5% 11
HFA S, iS5 F s s SR A T £

Wi sk Al LAfaidk; Af LABOW NOBSR AL, DL (p? + p3)arae (FHE BE 3R

[256]
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BRI, X ETA IR kB R, B (2/3) (p-p)Mm, T

n_ (P P)Mm 8me? / d3k -
0T = 2m  3mc? | (2m)3k% (9-77)

BRI A LA - KX —T S EARA. BIEXTF A EFHR, X—0
WAFFE. MR BREBELE, YLK EE p?/2m N A T R RiA K
p? p? dm
o = e (1 — m—o) , (9-78)
T QE" WhiE R —(p?/2mo)dm. HERINEC LK HTHNATEST; F AR
A p?2m TR TEHESEE Hhm EXRHERE X —-THEIHAERE T,
R & 2 s 3 il F A ME—&S I, JF B TaaEQ. &G, Bifxs
W RS 7, MIATITE 2s M1 2p B8 OFE (HZ 20, XSt S, KN
PR A AREK) SE 1 E, AR, SE” A [A], A A Xf F WA~ 25 #l 2p, ELIE
B (p?/2m)ane WOME 2 AH R,
5 —T 8FE &Ik, MkiEMES®H 7. XA, EETS k L%,
S|

1 1 d*k 1 hkmaxc
/ k% Ezp — Ex — hke (210)3 — 2m2he 1” Eym — EN’ (=)
A4 2
2 2 Pk axC
OE' = —— %" |(Em — En)=lpnul? L -
2he3 ; [( M N)3|PNM| In For — B (9-80)

PR A i ) o DR A R A L A B T2 09, B DA AT DA s H SR A,
— B[] R AT B hkemaxc BO{E. W45 (Bethe) 8 3830 i, 36 A8 XF #4530 6L 78 s 4k
A a8, GnSRAE 52 2 A X IR TR R, Rkmaxe I me? BB, 4 hknaxe =
me?, 2 Ry 1000 Mc B9, B DL DL F5 A, fib 224776 IE MR R B .

Pl T A4 () R FH 2K B 50 B R AR SR A X R . R X F o XA
REXE B Mo 00 22 5 R Komax 45 SRR AR ELAY, B W XEF #0IA KA J055 K.
2 b 7E BN R K 3l 8 A K H AR BT PO 22 RAT R 8, Rk R —
MY EAE R, KEZ2EHAARS XA BEMEER. (BESEME
IR T X — A R SR MR EL A — N R MEIR#E (Schwinger)
& L0 5 A BT 4 fl BB S AH X IS AN AR PEAE BT AR R B B AR ROk, OF

O X FWEHF, K (9-77) WHMY om & (8e?/362) [(1/K)8h/ (2%, ERF T th
SE/c? 1R MY om. XM TRATR TAEMXEE M. 2458 2 M3 o0 2R G, BiFh
HE om R —H
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fES> B4 A TEBR KT, 55 — A J7 ik 2 2% & BISL Y, fib g ) T AT 0 97 B9 O A
XA AT X B AR 2 B 5 B 5 — T .

X — YK R T 3 04 B ROV L AR TG R AR L, E AR A P R BRI 1+ S
Fn. fEX (9-64) 1 T RaRXMAHIIEAZEHIFARA T MM, B ohix L
AXER kMt MARMr Mt 8EFR kMo RRE. ERNTAR © FK
e NEEEFR I TEE

/00 e ikelrlgmiwrgr — R (9-81)

k2c? —w? —ie

i —ikelt—s| _ 2ikc (t—s) AW
helt—a] _ / e o (t—s 2, (9-82)
HRATE X
(k) = / det)ettdt
- / / g(r,t)e {r—wt) g3 pdy, (9-83)
W 1 (k, w)[* + [j2(k, w)|* d*kdw
I'= 23‘:/ 1;202 —w? — it:. (2m)* (9-84)

NREXTE w Mk PR EXHRECLEEE T, AR k2 - 2
?ﬁf"%ﬁﬁ&?ﬂ@KﬂI% SR, R JE 3 A LAAE X 48 3 7k 7 =X B ?ﬁﬂ]zt: %
WER - IBATEHE, BG-GB ep M jIERT — MR, R
o FHRATE X

ok, w) = / pr(t)etitd

= // p(r, t)e {FT=whq3nqy, (9-85)
T4 R R B S 4 2
|p(k w)|2 d3kdw B lp|? 2 _ (w|p|/k)? dBkdw
271:/ k2 (231: = —2n k2¢c2 — ()2 (23_[)4 ) (9—86)

ERGEREEHEM & — w?/k* FeLUSr T F43 BEAF S (9. T 6 3 <F 48 & 22

- =V-j (9-87)

wp(k,w) =k j(k,w). (9-88)
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ATk, HIAVIE 5 Ak B EM js, W we/k = j3, TRGEE—
"AH

I+8S,
. 2 . 2 . 2 2 2 13
- o [ e+ )+ il ) - Flplh ) P (g g

k2c? — w? —ie (2m)t -~

=4 G Z AR 5 (k,w) - 5k, w), bR PO 4E R AR MR B B .
W HArF AT A >, BAE AT LR, E S (9-89) 1Y Bk AR e B b s

— T
2 ?
<k2c2 —tw? 4+ A% — ie)

e A BE—FEH m a9 BR), AN R 8, HAY o Mk 1R/
XA T 1 Y o Mk R ERE, BT W E XA T B R AR
IR AL E. A YR AE T+ S, A X W T 1R E
KHAT IR MR EATAER A A3 A ANHUR (I =2 B2 58), A8 2 B g (H ol 2
FERER. 507 i, ARG REURMIBR T A R o A TR R
72), ML 45 R B A E R E XL, RAERK RBRAER, I BEARTE 2L ANl
B, XHUR BT s 1 s 3R

B 9-11 Hl TR 77 kR U Eb ek B R 52 24 AW ER, BhgiE, i
94 IR v FERWTZ R AR T, Wk S SOt TR E AL
BT B, NN X BT w = ke, EBTH FRH#AE T — X8, TEER
BEFRF (R RS RBERN ERFARFOERAESE T —). X EE
Fiv 72t A PRI E S B2 A i k. 38 AN R0 TE 7 W A3 X 4 R gl 2 R AE AT 4B
IE, A GE R B {6 42 45 SR A BR | DR IFAE XS 18 A A8 M 304 BT A vl BB 1% 20 i #BE R
ZHE T —.

B 9-12 H PR I+ S, 25 23 8] 4 45

/ eilbr—ut)  @Prdw 1 i
k2c2 — w? —ie (2m)4  (2m)2c (12 — c2t2 + ie)
_ 1 2 _ 2.2
= 4nc6+(r c“t%). (9-90)

[ B LR/ [ + )] AR 6 (2), IF ELR AT B EL B Ak — 1) T
=13

1 . .
I1+S:.= % //[](Tlatl) - J(re,t2) —CQP(Tl,tl)P(Tzatz)]
><(5+(|7'1 = 1‘2'2 e C2 (tl = tz)z)da’l‘ldtlda’f‘zdtz. (9—91)
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97 NHI &S

TEFT -4, AR T HYRAL SR B ERN KA E

1 i HE i i 22 A =X, X (9-60) K 5 A4 3R B 3R BH A9 AR AR IR BL B 4

SRR T — R sk S 00, BNTE 40 A MRS R, b AL T B2 B AFENT.

GER PR HVEHE Spa BB RIERE S = Sma + 1 AR

1E— B, 91 . KEEE T 1ER6F, BYEPTAFENT, MELSN

WA A1, Hah&E R hq, Hefb 1. % RAETAOTT S, BT 2244 00 M — 5028 B 7E S
XS RSy [EDSR (9-61)] Hh A Brek AE. BUZEERNTH

X' = // o(i/7)(Sint+Sraa) HDal,kDaQ,ky (9-92)

Hi R RS SMEEN— Db FHRNASZ R, TR, &
Lg LA BART RIS n =0 BLE n=0, FTLLZERTHET X1 p 2
A HABAIRT 1, q MTTERECE T SR E AL

i =¥ _ = —%
X{,quexp{'ﬁ/|i\/7-t(.71qa1,q+.71 qal q)

1.+ i 2 2 hqc
+20,1 qal q q2 (11 qﬁl q — cl ] dt} D—(il’q. (9#93)

XN EREKX G (9-63) HHFE, RERFHEERAESEn=058n=12, MW
AEVUMEBEARFTE n=0R M n=0KEZH. IO HET 89 15378k
THPE R, o] U — Y 45 R 5

2 b _
Xlq= (i\/—nc / J'l,qe“’“dt) X1,q, (9-94)

Hr X, RATHEL T HEEHMAn=08 n=0EWEF. FHit, BRE:
R H T X FEOR T X L

. [2 H e sea
1 _h(;tc ./ta ]1,qeqtdt’
H HLFR AT He 20 B A R A

. [2n ; b_
R = 1,/ﬁ—5 / e('/h)(s"““"'l) jl,qe"’"tdtDz. (9-95)

EAAT 3 B A %Ff%ﬁ?ﬁ(ﬁm

. [ 27 (i/R)S ¥ e
i e e ""“/ J1,4¢%"dtDz, (9-96)
ta
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- 206 - EAE EFHEBNFE

TRENE D, &/E4RE MU 4 H L, A TRARRZAL. BRIE#
RIF L 58 A AR Sphap = Smae + T HTH, TIAGE R Smar. 1 KR
JERER A — 5L, BN IE T IR, (B RE R E A E N E A 45
R, BRHCT ERGIE R E R — /N, ROV E A ROE. BT
#E— B WA XA E, MRS R B FHAMEFREN
()50 A 2 IR 2 7 B Rr I TR AR AT 9 B T L B D F IR

9-8 INg;

XA EMER EARTD RITELKRESN T T OB, B
ORISR R EA M. 7B FECH EAERAME AT EEEE H BB AT
B, MAEAGREAL (9-89) [HEEFEMHRK (9-91)). kAKX (9-1) A
B — R B U A T 8 XA 45 R

BRI ATAE —4~ 77 LA T R 1E &b

S =5 [w] + 59 [w, A, ¢] + 53 [A, ¢] (9—97)

MY ARG, K S [x] 2 RA YR KPE R &S Solz, A, ¢] R¥ R 5 %48 5 1EH
MR R &L S3[A, ¢ 2 RA G BIEHE; T« Rom PR FTA LR H AR
¢ iR, FIRRARAMTHAF B BER Rty 5 T AR 415

K= / op {%(51 (@] + Safa, A, 4] + Ss[A, qb])} DaDADS, (9-98)

24 SR N 322 ) R £ 30 SR 2 0 B BR R RIS/ R, FRATTH R R A 9 i R 4%
PFRERIIG ML T I 2 BAFENL T (WhF SR ER), L& 0%
5N gnd-gnd. SRIG ATV E B « B0, BT A F ¢ BRI SER. I H AT
A Ak, BATRIMEEE AR, TR AR Y T et A F o By, WXt = i BLo 8
YRR — 4.

W Solx, A, 0] RGER AM ¢ ML RE, TSN

%= / / [o(r, t)g(r,1) — §(r,t) - A(r,t)/c|d*rdt, (8-89}

Hobop 1 j BT EEMEREE, MRS « A REX AWM ¢ B
Ho e, WA E RS R (9-91) BT F 2 E IR AT B4 {H,
B

/g " exp {711 [53 (4, ¢] - / / (pd—3- A/c)d3rdt] } DAD¢ = /M, (9-100)

nd
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Hrig g R (9-91) F I+ S, ERE

1 . .
7= o [[litrst) sra,t) = otrr, t)p(ra, )
X5+(|’I‘1 = 1‘2|2 == C2(t1 — tz)z)dS'I‘ldtlda’f'zdtz (9—101)

(T v 0 ¢ BOAEAT B8 p 1 5). 3 (9-101) 76 325 (7] op 9 3438 2 (0-80).
ER (0-98) BRI, X2 p A j B o Bl & BOSLFR R %K, TR B A1 5

K(gnd, gnd) = /exp {%(Sl [z] + J[:;c])} Dz, (9-102)

Horp x(t) A% J[x] = (9-101) G, HARAIESK p A 5. XHIMFET
gnd-gnd BRIE MIE5 K. AT J[z] 5 Si[z] #HIN, Lk RA S50 F 1 &1
BIER . FREH h2ER PO AKXE LR RA (9-100) 5 (9-101).

EFEHNEN—RAOKEERE NB—J5 o 5T X £ w8t 24 28
B, B S X4 BT A bR BRLAY, Ja X S AL B R 4. FRATRE L BR T — fiR 18] 4 b 7 3R i
PR e B 7= A B 45 1. AR 7E R (9-98) AT AP 40 Xt = B4, R4
¥ exp(iSs/h) =W H, HH UIARHZE. FHilk, H#RITHEEX

T[A, ¢] = / exp {%(Sl [z] + S2[z, A, ¢J)} Dz, (9-103)
AT LR (9-98) 5ol
K = / eli/MSslAAT A J|DAD. (9-104)

XA K 4 k7 22 08— % 8938 3h i 9 2 % — 5 BRIE B BE SRR, 8T H A
N — B, BRI 0] BE 3 1 BB 3R A4 A B B A4 AT BE S A0 E SR R
KT TERFES A, ¢ PIZ BB RIE T[A, o) FE LI A, ¢ BIBEHIE exp(iS3/h)
F . FEsR AN 2 eh, AT R KT A AT REKE A il ¢.

130 (9-104) 45 Hi B9 3X % W= #1372 o B 8 ol SR A AL 0. Bp
249 o6 T[A, ¢] (BLTTESN Y A, ¢ iz S B BERIR) A AT RER R A B2 4
i, R I A 23X BN, X T i kL s O R AR B BE R 1/2 MIAH XS
KT, B T[A, ¢] A AT 5 F 2 TR 718 2 10 1 1 B A 187 B AR AR A R 4K T,
FIHA T7 i (G40 i Bk $r 5w 75 #2) 3 T[A, ¢] B ATRERY. 7EXZ R T
AT R LU, #E0E K AT LR (9-104) 45 H.

e W iR (9-104) B M B 7 o 3h % @ et KA1 S50 b w1 R
MEERBRLT (B0RL T R GE) MM B 4 88 th ok T 3Rk 43 B9 Bk 6 S0 Bk 14
FAGHRE - EZRR. B0, 128 T(A, ¢) 7 RERREDNEIIT R, R
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- 208 - EHhE BFEBHALE

KA RO R 584 T . B2 RERAI A T RAESMG P 0F7 5, Tefilsk
A LA 4 B % 1 T R 36 1 2 ] AL

MR KT AR R AR (9-104), X TFHTA A Hl ¢, MAHIE T 5 A M ¢
()97 i % 2, {HRIR A AT REAS BX 4 215 8. HIEAE/S B, X1 A, ¢ (B
SPUL T REAR A S . AR, SEBR AN ARIER A . A B T AT LU L R 3
BORBER, KANMERORE A M ¢ R MRS, 1594 ERR (9-99) IER. M
— s 7 (9-100) 1 (9-101) 7T LA BLHEAS B 45 5. 2 % My, T AT LA 3R Hik K
KR %R0 p A 5 BE BOB R RSB, 3 (9-104) A9 LE RMN T XA
W/ ik R ABLBSY, K J B (9-101) 24 H, ERSHBIH p F 5.

TERZHEBRIBO A, T AT URT R A ¢ 0 FHE H AT LA UM
1A F ¢ /NI EE B4 R B s B S TR AR (9-104) FERXT A, ¢ BLSY,
B KGAR I R SR TT (€2 /he W RE). BT LA K B,

/e(i/ﬁ)ss[A’¢]Ai (7‘1, tl)Aj(’f‘Q, tz)DADq5
= —ihcéi,j6+(|r1 - 1'212 - C2(t1 - t2)2)
X 06 T B B AR AR A AT AR, ik B 18— A K (9-100) A1 (9-101) Bk
JEIF I p, g B FFEGER, FF-H5AHH B B THAE X be. X B3R AT AN AR — A VR A G 26 P

7, M BGEE XS R CE (FIAR. P. %8 E R TN E T3
WHIBE A ) M5 8 5. Phys. Rev., vol. 80, p. 440, 1950).



FTE
Gt =

RIOLERATITIE T RGN —PHEARSKRER S —HREMFR. X
ZHCLIRY I B, WS HFAZLHE. RGN RLE T HRARE
i LA [ R AL F 55— R E, SR EREF L EHFLT, KEFRE
FEANGE B, B R A AT RE ) A S A B M HER = A A NS BUF TR
AR K0 RGN 1 2 3k AR A S B R, T R 60 e Bk X — 4R &SR
AT — 1 A HE 2.

— AN R Y TR E T R TR AN, X AR
SHEGIIAHENE & TFHRAOEFESHEF % RE 0 UGAET &M AR
MRER. BTFHITH¥MEREYN, REATREN E WREMBEERELLT
exp(—E/kT), X kT BRLARBEINANVERNRE. BERTF FEEZ
198 R 2% 8 ¥ B, HAE R 1.38065 x 10~ Perg/K, 5 1 eV 4 11605 K.)

A4 BEAHESOATTIEX RS RIEE, B P 2B,
RO e . QR FRE SR A T 19, WIFE AR SR BE R b i — RS H MR
MR XE®RE, REEA NS RERAN SBMRER K —AHT, XITHT
FHRE F 76 I 187 5 58 2% Hh IR A 4L

FHAHENEREREARNEEEMNBRS A, BAEHRE -k H—
WHEFIUER 1/Z, FTRERGL TR E (RS XREEARIH) R
yss

Pn = %e_ﬁE", (10-1)

Hrh g =1/kT. XEW®RE
=), gk, (10-2)
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—NEMHH T B REEL 1R F, 5

pn = e PE—F) (10-3)

FRAZBEZBME SR HESRETAX RESIMERE, ST X

X B,
Z =ePF, (10-4)

10-1 Fe 4 e %Y

R GUAL T3V 60 2 b R R AT LAl 6 B0 T ek BUHE R R R A R
HMEFEAER, EES 0 PREPHRFHEE

A= [ 146,01, (10-5)
SEoh UM IGE RO A XA RGBS T

A= En: PnAn = % Zn: Ape PEn, (10-6)

il an, fE A 5 9 E (SRR EE) 2
0= St = L5 e

=) _ Epe FlE=F), (10-7)
n

MERCHHE—EHEF Z BIEEMEE IBAKX (10-7) WAMESKE. H
= (10-2), ®1H

07z 0z
—BEn = —— = 22Z
En:Ene 35 KT (10-8)
KA 2 )
_kT?0Z _,_,0WmZ . _8F 8(BF i
V=Za =" o =¥ Tor =55 (10-9)

AT 2 AEXR RIS 5, B R SR SUE T 40 5 %
RE R GE B H A2 B 2 ERORFE [ .

HFA—&, SHiE RS H A 2 B SO i, BB & S8 18 R A A28 1k
WRGA THERE ¢, MHESE o WEKE /NS FH—Br Mk
KB, — B e B T — i e 8 R O A, B
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B, + AE, = / 6% (H + AH)pndT,
AFE, = /qb:Aqu)ndF. (10—10)

(i FH 22 SL B O, ATTRL UL, o —AH/Aa S5 S8 o KK “T77.
TE M B BOR AR BL T, XA 1t 2 fURSR. BIR T I 95K &

71 x ZHI MR = HER B SR

oH

fa= %",
o
M P REMR VR, #4588 — T

(10-11)

—PAV = AE. (10-12)

AL W BIES A

kT
Tz

OB, 8 B kT 07
- _E < da ¢ = b (Ze En/kT) Z 9o 10713
T 10InZ
= n
fa= 7 da (10-14)
Hep g AH A S B RF N HE . A (10-4) TTIE S B
- OF
Fo= =% (10-15)
G5 a RER YV N f, RER P, A
OF
P=—o0. (10-16)

— ARG TRIET, M HAERYCE— T35 /N, 2 F & A4 w45
H—RaMERMABsh L —RATEE (Bl — 30k 4k 7545 15) F
1’%3‘3’%% SEAGERAHE R BB R MR L (B b REg k). R HA 6k

G, AR 2 R G5 B B B A2 K AR N T A A8 Al X 2 B A - 24 AR B T
T A3 3, 1A I T J 5 3 AR AR AR Ak, SR T, 28 T DRFPIRLBE A A2, a6 4R & A R
AR A E R KR, BRI L, RE N dQ. X
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B f 4 2 338 4 OR A LR HE R A8 ) S8 R 8, 510 b o B R, 3 A3 A  #A 52

e TR
dU = —PdV +dQ. (10-17)

MR (10-17) SHE U BEXXRBEAES KT dQ. HEBAE AV B, B4
RER E, B1L dE,, ZWBEZZ AR EEE L dF. XH, SREENAER
dU = " dEne =0

+BAF Y Ene P En=F) _ N" E dE,e #E-=F) (10-18)
n n

WREAXPE TR dE, WIEE, EmRfcemBdn, e~ -Pdv. #
THIHR dQ. XMLl LA (10-2) HE MK FHER, &EM F &

. BB, RATKEH,
8’F

ML (10-17) thEER H X X, X (10-17) 4
dQ _oU 8 (. LOF\_0F
d_f—BVJFP—BV(F 6T) av
O?F

X (10-19) 5 i1 TR BE A FK M4 TR AE AV i & dQ.
RBUE T H A S5, 218 RS R, G40, an SR SuAs B T i AR FF Ao
V AR, WA S T B ReR ALk, B

ou d ( OF) d 0%F

dQ = 57dT = o  F ~ T | dT = ~TdT. (10-21)

T2, — M, 1A

*F d%F 0%F
dQ =-T (aTavdV 4 aTaada + 8T2dT) .

K (10-22) WAENE T FLLE S =—(0F/0T) K 5%k, & S F N 1; IF

(10-22)

Ap
dQ = TdS, (10-23)
OF
§=—or, (10-24)

U=F+TS. (10-25)
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R, SR T AT PR BE . PR A e 1 B B, B 4 K
Z, AT AR N BE . 1 . R EE AR ¥R, HE0R Z 95, 5
ok B BE F TR, BLREAS B X Lo 1 .
g e B M R R e AT 0, T 4 LR LR A
KO . 1, i e TR A AR o RO 2 L, R LR S T o
HEREZ /0?2 RATME, WRRGELE T HIERE on(z) E XSSP, B4, &
B AL T o 60 AR I SR BCRETT o (2)6n (2). XBE, % BUFT A5 AT RE IR 457
B hbF = R RE
P(z) = %Zﬂ:¢:(w)¢n(z)e‘ﬁ’5"- (10-26)

FE—MAET, HRATIFEANR A B, WHMHEER

— 1 1
A=z 4=z / 97 (2) Ay (z)de ™ (10-27)

BAR, R MIE T R B

p(a',z) =) bn(a') ey (x)e ", (10-28)

WA RN (10-27) AR HE O BA B (E AR RE 15 3. (oM I AE X (10-27) b |
R AR—1EN ERIEATHARERXFH o.(x), MAERT ¢5(z), BT
PAHIZE 728 (10-28) F sk R 7. (& p(2',2) B, nT LA A HAEH
F o', ZJG, 7F Ap(z',2) F4 o EFF o, RIGEHBE LA « (ERS. X4k
R Ap #Yi3E.

H p(z’,z) ME X, RIEXESR

P(z) = p(z,3), (10-29)
LEBEHE P(z) A —u, B R o RFAE 1, 0
Z = /p(x, z)dz = tr{p}, (10-30)

Hitr & i (trace)” XMAMEE. & p(o/,z) RS BB [ A b U 2
MNLFRE T B9t % B, “BBEER XAMaw) Z AT iR E L
TRFEE — ARG, HEE MRS p(z',c) WA—ER, BIEKEHEE
YE p(2',x)/Z). Geit 1240988 A R E K (10-28), LME &R B EEM. 0
REMAROEROR I EAR, B2 RFREFERE L (R AM), Tt
2 Lo S A
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102 IHEEERS
S (10-28) b 4 th B 5 6 I 0 30 1 0 15 £ 9 T 0 — o 28 1 50 A L AR 0,
5 AR I P S, FEER (4-59) A

K (2, th; Tasta) = 3, $n(26)$} (za)e™ (/M En(to=ta), (10-31)

n

I 3E RS B &, RV B E = A RER R AL '], 3R H 6 > ta.
RIMX DR EREES T AR T. BN R A %08 AR a2k, R4
A e F A K (10-31) X (10-28) X LR AR E TR LR,
B (10-31) FRIBTE] 2 ¢, — t, B —ifh, BLABEEKHEERNEEA L
&R RBR —8, N ERE T BA 7R 6T R E R
FATAT LA 55 — W s R it — 25 R X WA F AR Z A AP & AT
EHEHMEESERRERERT— A, BT p(zy,2.) BHR k(zp, up; Ta, ua),
H
k(Tb, Ut Tas a) = Y dn(@6)P5 (wa)e (Mo H)/MIEn, (10-32)

XAE, Y 2y =2, 2, = z,up = hB,u, = 0 B, X (10-32) MAEHB SR (10-28) 5
L—HT.
K kX up HRFHL, NS
0k(b, a)
ouy

1
= 5 2 Buba(z)dh(@a)e”(omm/ME - (10-33)

BREATICHE, Endn(zs) = Hon(zs); TREEANIE H, B I ZIERELR
z, EHIRAF, RATHAT LA B

k(b
a(u; 9 _ —%ku(b, a), (10-34)
A H AN,
%l;a) = —Hpp(b,a). (10-35)

KIOTERES, p WA TEREUTERT K WEER TR, FERES
WE S RE, FEHHRK (4-25) Al B, RN LHEEEE R

3K(b,a) o i N3
T = thK(b, (l), é ty > t,. (10—36)

ER N ERELHE, £ F K(b,a) &5 (10-36) M HK RS 7 FHEE X
b, BEERE p(b,a) BTT (10-35) HIH AR R 3L
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Xt R AL Bl B A AL R B AT R R, AT RESEAL T 5 R AR AL

o dn, > s A el R 24
h? d?
 2mda?

W — /N BES [E] [a] Bty — ta = € 1 BB T BRI

st (555) "o (3 202 iy (335)]} o

B HARAR (10-36), - AT B EIEH. ¥ 52K (10-38) T 2 8015 35 F4H 3k,
F B (] (8] B e A o) 2 1 2 A A4 T B0AE S G PR R AR PR, FRATE AR T
®—BOA BR AT [A] A A5 56 F A B R4y, I RIAE 5 =K mT LAAS B 5 72 (10-34) M9
fite. £ (10-38) LA € = —in, EHE B TR /NEIFE wp — v, = n HIfE. B

1/2 2
. _(_m 1 [m (zp — 4) Tp + Za
k(.’l?b,'f),.’Ea,O)— (23(577) exp{ A l:g n +77V( 2 )]}

(10-39)
HEML (10-39) AT (10-34), /0] LIIEH X #E 2 R (10-34) 7.
0 i AHAE B w (B 2 SCH o B & 7E — R B9 A ) 5 4 48 4K it Ja] 8] B 1 4%
T4 & m LN AR . B0

k(b,a) = / k(b, Yk(c, a)dze. (10-40)

+V(z), (10-37)

7 (10-33) R & u M —Mr FHX —F LAl 5 5] EARSE R, it #00 7T g%
B E k(b,a) HIFEER TS
1

k(&b; Up; Loy Ua) = 5/

N—-1

N-1
/exp {—% Z [%——(miﬂn— zi)" +77V(a:z-)J} H dji. (10-41)

=0 i=1

BLAE, H— LW 2L o 28 B

onh 1/2
g = (ﬂ) , (10-42)
m

WA AR ] B wp — ue = Np WX 2B 2, B 2 BIBARHEFTH (BD2Y i =0
W, z; = zq; i = N B}, z; = xp).

WSRFATIE B o(u) BR—DEE, EHSH v TR A5, BIRSH
de/du 1§ @, B LAXKHEFH G R

B
p(xp, x,) = /exp {—%/O [5272(u) -+ V(z(u))] du} Dz (u). (10-43)
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XE—MEESABMNER, RAEABERSMIEXNGH TR T ¥
RFE M ETWHE IR, AT E B RREF I FFFER i (0 35—, 24
REERES s, SIARXFET.) R (10-43) X &2 40 IR AT LA RTBF
REMERDERG A FAFESHNER FHEE EXRESES, A
A H g e 2 3 By Sk AR D oM — B AR R R SRR K, T RBR A
/NTR AT DL 2 0. I HLBEAE 0 B AR AR L B R R S 4 TR o sk, RO E H
RIS, BT IR ma —&60, RRASHFHEHR, HAH/NET.

AR B X LU, S8 w AR EEMAEE. ERATREEER p 1
AR P —ASHC R, WRAER IR ITR SR B 28000, AT LA
u & R A Bk A B 8], XA, sEAT AR A sh B i RABUA R (10-43) 44
HE G R RITAEER A BERBXBE T MY BAE . RITER w B
“wa]”, {B AN _E 515, F AR RE © A 2 B OE B B (R o 8055 A A E] 9 & 4).
FeRAE R, 8 & 0y BT oma?/2 ] “shfE &% xR, R (10-43) R,
B 1/kp B2 B AR RE i T k7 4 e

FZEFTA RN ARSE U <23, i TXEE3), REFE B E”FR N
A EER ARG Z [ R 3h. % BRI p 8112 30 51 ik i F, 5 4 12 30 1 5T k=
Fr s K A2 BB M “ndial” BUrBR L A

B BT NI 500 8601 T2 A8 [R] 5916 50 . 3F X3 BT A8 v B8 #4046 1 T2 3R
N, BT LAHE S S R B

B 10-1 UERH, o84 7 2H B AR Gt O B RE AR B A Rk

a2} = - 1/2
PR3] = 2nh sinh Shw

X exp { m[(m'Z + 2%) cosh Bhw — 2z x]} (10-44)

AR LIS A 3-8 ME R ILE. FUER, B HfER kT In[2sinh(fw/2kT)).
MW HEAER (10-2) BRIk KX 5 —85 %,

SHGEM. HEREA KM (ARG EHEREIZ DA B R KK), ok
BUAEH /. XA, TETH R BL Y R BT (2 = 24), B — B M 2, FFOR, 7EAE W E
(9 <BflE]” AL E B o, FAE L B AN KT R B o, MR, RH7ER
“Bif IE]” P RS S AR A 0] 3R, BEOK CHEBET AR A AR AR Xf T R AR,
FE 3 (10-43) A HH B A8 2R KOE 15 /N2 7] LA 20, B ST BT A I AN A B A
AT AW, TE XSSO T, HE Vie(uw)) BT %% B B2 o(u) RAREE Y 4
R oxg K. TRE—FAER, AT UMFTABES T Vo)) =~ Viz,]. filt
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ULl b, $hBB 5 AR 0 Ok, 15 B REA 5K MY 18 B0 oK BT LRI AR 40 S B9 1 T X
FE, X F IR BE A KRB S oL, ATA

Tq 1 m ﬁh
P(Za,2a) =e“ﬁv(“)/ exp —EE/ &2 (u)du p Dz(u). (10-45)
0

e b Rk, B sR A Bk B AR, AT =&
HA R GE ) HORL 12 Bl A% B T 0 B AR AR B TR RE O ok A R SR B

Th m Bh "
/za exp _ﬁ/() z*(u)du p Dz(u)
_ [mkT mkT (zp — x4)* g
= h2 exp{-T ; (10 46)

ARG I AR, W% 2y = 24, REL

mkT _
P(Ta; Ta) = [ 5—me V(). (10-47)

TRFC S R BOR M FRAA X B A Al BRI 46 AL o0 MO S, HD

mkT
===t _— _ﬁV(IQ)
Z =1/ 9och? /e dz,. (10-48)

R AE A L A IR DL T L I BE 7 R A K. BIFR BB /R K8
ERNZ R ZMERMMERLORE (E—FHHEF). EEAN (WAEELL
B) (BT, SRR RN EFRRA b -1 EHFREEER
o, ERIERFH AR TEMR A B KBRS R0, A E TR AIEHR
a1, Bt exp(—AV) KBy, b V RREMS, ESHAREN LI N 4
AR Gl N NEFHEAERER Ve, zo, - ), HF o BATF
MOE KR, rf R e

/...//exp{—ﬂV(a:l,mQ,-“ ,:Z!N)}d3$1d3$2"'d3$1\1.

HRGHRLFLE B [0 Bh PN Fo 44 107 B A A I, BE 43 R B0 3 A
18 BB A LR AL. AR X AT BI 54, B 7 B 3RS 1 55 A BE 35
3 (10-46) fliit k. RATER, HLR A SR EZ 5T
h
mkT’

WIS (10-46) 8946 BeR BOR WA A % D5 . s B ATAT LA, A FE Xt 2
(10-43) *h e A2 U B AT B UK AR 0 2 e 428 I, o 6] A 4 T B 188 F B A 4K

Ar = (10-49)

:
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. 218 - g+E it H =

A Az . R Y ¢ BEX AN EE R, #V(e) BAAKK, IRALMFIHT
122 8L

il an, Xt F =R T MR FRE R 20 4 0318 BRSO, Az K2
R 0.1 A, T JEF 8] (4 BE B A D B — P AL X, KT 0.1A i 3R %
JEHE A TR, TAEIS 3 AR B A (R, BRBREARN R AN, B
W, WX XY E BT,

P B Wi SR T B AR B AL E R AR AL T & SR T N S AL
TWHEZ N, XL TR B AR E & T8 exp(—0V) X BT A T 4R H
S, RBH A ARE R KRBT 1R E—FRSANTE H
FFHATXNTRASE—-TEERH KRB RANZERS N IE. BATE K
R miRka RE& - (ML) RS, X LR AR
Xt 2448 K0 H 1) G FROK I AT B8 H B A JL P AR B L B4 22 0 A B o

Ve A i s 4 R A R s I L i A R R A 2 AR AT PR RIBRE A
—Fp 7, XM, 2B RERN T RHE, — B KRB EEE &
SFEXHFZHIE. BRI ARG Z A R E S 0T R8P BUX B9 45 R L TE 2
XtAR G T B — Pk . X T X RN, B 545 B — L 0 E AR R, (]
Je A f b b B 3K 4 [ K AR S X BE 18 ) BE 4 XA TR 51 T Y ) AL

A-SEHENGEITARE R TRMEMUAE AN, EXRHEL, £EAE
BE5ETHEE R SR — &R E KB

FERE L UE, X (10-48) WA MG N # A EMNFEEME —L. HAEH
ABHHH A AT LRARX — Q. SRR E AT RESE 202 Bl R 8, RAEE
B2 —DAEMHEBE T TR, B ek 80 xh B € B R 22 — AN E 2
XEWRE, FAHBHREXFSHA—TIELT T BT, 7R85 KRR K P
SHB—PHMEE ITEEANRILEER, RAEREHE T %M
JEA R 2RI E.

103 EFHEHMN

HAIC 2PORT, A —LL1F o0 £ M Ir EAFE M. X F X i i, % k5
LTS — I E B @I P RE R XA, AR
27t ARLF 1912 B B, F i — .

T 4 B 40 B R R 5K (10-43) W, RAHE BUE V(za) 158 V(z) BIE L, T
AT AHE V(@) 75z, BT MZR B R IT. SR ML &, AR AT B TR 4
th B 2 B B R T, B AN AT LA AR 2, i L i AT DL R
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Bh
= Blﬁ /0 (o, (10-50)

I 2R X A AT 455 S 8 A R SCRY). T LR 2R AR 1) 1 24 07 B R R R HLARRALE, i
AT LA i A7 33k o B S8 OBy, T AS JEARAE 2K (10-48) FR BT 4 4 AR 8 XF B A7 40
Bz, FR5r. FIBEHE, BC 2 bR BUAE AL

Z = //: exp {—% /Oﬁh [%iQ(u) + V(z(u))] du} D'z(u)dz. (10-51)

EXNRA S, EERHEEEHEHD KM (1) X (10-50) A H K T FE; (2) HA
KEME XEWRE, XA BREESBEX A %S 2, WS, TS
D ERBXITEE).

#H V(z) £ 7 ML R HRBURTFR L,

Bh

Bh
/ V(z(u))du = SRV (T) —I—/ (z(uw) — T)V'(Z)du
0 0

B
+%/0 h(x(u) -2V (@)du+--- . (10-52)

WA (10-50), LA LS —BRFE. TR 72T B0 & ML R I, RA1E
AT —PRENL, ERE AN ERBRETLE K. HLEFRHFARCERS
T eI, FA145 2 T 5 o6 B

Z =~ /e"av(f)
Tqa Bh
X /za exp {—%/0 [%wz(u) + %(x(u) - T)QV”(T)] du} D'z (u)dz.
(10-53)

B b B BR AR B AR F AT LART7E — Rl AR B 15 B R I 2 5. =X (10-50)
BRI 7 A SRIERIBE 2, MR B/, 7T B R (10-50) BHIE K

Bh
% /0 (() — Z)du = 0.

R y(u) = o(v) -7, M y 1EREAR LR, TREA BRI KT K

1 [Pr
7 /0 y(u)du = 0,
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. 220 - £+E % it h #

T B A2 AR A B A

Toy—T Bh
/z - exp{—% /0 {%yz(u)ﬁ—%yz(u)V"(O)J du} D'y(u). (10-54)
AR AR SR — R, HERA o = V7(0)/m
75 .
BAEFRATH T R 77 ARG B XA AR B RN R

FeLd o iR B 5
h
o (%/g y(u)du) .

AT TERAR B R A X S & pR R FRATHE B A 0 B AR e 5Ok R
TN
o dk
6(1‘)-——/ exp{ikm}%,

= (10-54) AR

00 To—T 1 Bh m ., 1 , , iky dk
/;oo /ma#E eXp{_f_i/o [5y +§V (0)y~ — 7] du Dy(u)% (10-55)

I b, BB 3E T8 (10-50) H A9 BR 4, BT LAFR AT AT LA B 488 FH Ar o
BB R B AR T E 0 f#. BB, IR m A V7 (0) BN EE, IEA
A XA BAEB RS Z g R TFRERS WA REER A, &
TR =& v7(0) R/INITEE, IF0] IEEM T EMHERHRGE v7(0) —
¥ 35T £ T .

B 10-2 B =F Ak, Rl e X (3-66) X AR L. T
A, 1 [ BB HR A 5K F 6 A8 0 00 A A ), 5 ok 1 B 42 AR 4 i Rl X 1 A3 Y
PrffE. &)m, XA k EHBOXB5Y, DUES 2T @ G vio) —

F):
,6252
24m

hw/2
const — b /

m = const l:]. —

V”(E)+—~.]. (10-56)
Hla 102 TR EIME S R ER T EERX (B V7 —H ik

Z = \/%/exp {—ﬁ [V(T) + %V”(E)J } dz. (10-57)

L, HAE S 2SS R (10-48) Hoke, BT LUORAS A B g T I,
BKAAL Ay PRANS 2 B R T HE R L A R AR ME— 22 B R H b T —

3L):
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AMEIET. X MEIET R (Bh2/24m)V"(Z), NEAE T HW R H & X — &0
W, E R AR R T .

B 10-3 UEW, X T AE = A A R s s i 2T (RATH T bRk
A EN], TRE i MR FRRER m) KRG, X HERBIER

B2h? 1.5
= Z}Eviv. (10-58)

bR b, XN REERANRIBA A, 28RS, Flin, £S5 F
lf 2 (7] R opy, E /N PR B8 4, S RBAE B0 2 b 18 0, B R 2L HE SR . R X R R
DUV 5 o | o N B =T O 5 5o 2 T S 7= w8 % T ) = S g =< - o
ARE N, B 5 e B B E ST

Bl RE 10-4 GE, o4y R B E B A4 BB IE S T R B
ﬁ2h2
24m

BRBAE LHBRINCEFED, HBEZLHARK (10-48) FARFE B4
R, A LLRBLM BT S 20, (HOR (B Se Y Vi), TR B I 3
V(z) + (BA?/24m)V" (z). X — s R BE B AL 3 — 2 1 B T 48 T /P 7] 8 2 0 4
RS UT), SHEELBAR (10-48) B E LRV B, 2R AR HE
IE# B 20 R — NI UL FRAT el T T 2 A X I

7 - / oAV @

B Bh
X /exp {_;—nﬁ/o #2du — %/0 V(z(u)) — V(E)]du} D'z(u)dz.
(10-59)

7ﬂ4h4 [ //(E)]Z _ ,63}7'4
8 x 720m? 24 x 48m?2

1 —

V' (z) + V(@) + - ] :

AR AP BB R 58 R R o(u) B E AR, 3T 2(u) 8
TEAT R B g, R UG FH 2L TR — 50 (EH VM 7), 5 KA B4R, g B (12

&Y exp{~(m/2h)/z’2dx}) A%

m [P"
/exp{—ﬁ/o :t2du} glz(u)]D'z(u)
Bh '
/exp{—%/o izdu} D'z(u)

(glz(w)])z =
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. 222 - $+E %Kit h #F

BATE TR B@), TR (10-59) HHBERS R B@) (et K

Bh
fle@l = [ V() - V@
a0 SR FATT I 2 (B B 48 HOR AR 16 B F 2 4H, BP

(ef) — e,

(10-60)

(10-61)

ABMNVEERZE R £ 8 —Br i, SCERER G, RZER (f)® M (f°) ZZ/
B h (11-6), RN SFD, TUBMEXMRENF S, ALK T AL

F49. Tl B 00T 0L B P 2 R R0

Z:/e—,@V(E)B(TNef)EdE 1l Z’:/e‘ﬁV(E)B(T)e(”TdT

T2, BATATLAZRAS f 3 E—4 7 EF44E, B

Bh
(f)E: E(%/GXP{_%L isgdu}

TATE AR LR y(u) = o(u) — T, K

L /ﬁh y(u)du = 0.

y(0) = y(Bh) = G J,

T,

Bh
<f>z—B(x){ i e { du}
x[V(T +y(t)) — V( E)]'D’y(u)dt] .

HWK, FATT R A A R A A [ #4221
Bh
1@ = [ e {—% / yzdu} V(@ +y(0) - VEIDy(w),

Hod ¢ 2w fE 0 ph ZE I MME BR

Bh
<f>f=% {—% i 1@ )dt]

(10-62)

(10-63)

(10-64)
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JHH, B(T) M2 [(7), FHIFHBERT VE +y@) - V@) =1
WIERFK I(T) 2t BRE (ER I(z) 5 ¢ Tk FAHT R EAN AT L

AR TR K o Bh B — B, TN 10-1 B . 5 RS20 3 A B 12 2 LA —
AP — R y(u), A — D2 y(u+t1) = v (w), WE 10-2 Fiw.
y(u) £ u =t; B2 BARMER y(t), v (v) 75 H B2 F Bk 25X AME,
BhAE U, y(t) = yi(0). 1 H, XFFAFfar HAth 5 ¢, X HRBEAR b — LKLk
Boyi(u), B y(ts) = yi(0) BS7, I B AT A X R i i A2 xF T =X #8474l [ 79 53 ik

Bh
/ 7 (u)du.

\ AN
CAINALN

Bl 10-1 BrAT AR AE w = Bh i %0 (8] 2 KA SR 16 (u = 0 A ZU A1), AT LA K B T2 8 38
J1 h i JA 3 B2 b pr K — Bt

|
y1(u) y(u) :
|
|
|

Al AWAAN
S VAT CTASE

|
|
|
|

B 102 BiEE 101 il <A BRZ — yw) T u=1t NZAHME yt). TEFA
I BRENESLROEFRFNER CREMAES T —BHE ¢, B yu+t),
EAE uw=04FH XA FFEME XA XEKBEFHHBERINERLRE o il b
1) Uy i, ) 6 B G %

N, A XA FRER> TR ERE I KZ. IRERNED, £k
KRR y(u) MRS, RITHEES t=0 HRAREH 4, XE TR
i, B I(z) 5t k.



. 224 - g£+E %Kit h F

i@ @ 10-5 KRB 10-2 B ik i 77 % L &K (3-62) UEFA

() = ?% /_ Z e Y 6m/BR) [y (z + Y) — V(3)|dY, (10-65)

(flz =84/ :;;2 /_ _ e Y (6m/BM)y (7 4 Y)Y + BV (Z).

HRAVEX PRI R EOE R 2/, LR T &M Z B2 A kgl
K F W Z = PE . RATH

7' = / e AV@HD=B(z)dT (10-66)
[285] Hep B(z) £ (10-46) it BB, TREREATAIUE H

’_ ka —,BU(E) _
Z =4 o /e dz, (10-67)
U@) = 11:6;;2 / eV OB (7 + y)dy, (10-68)

[286] 1MW V(z) EHEIEEE T .
XA RBWRERMNATLLAZ T B 5K (10-48) KM FRiE K]
THEEM B A F, OB RERATA S (10-68) & XMARHE Um) miAH
V@), BN SERFREMER. MwRMNFESR, ARASEEHHE
WAHEMBER V(o) UEHEAN z MEN S FYZERFEYE b
WL R B B TR (BVARMER 22) & (Bh2/12m)7, T H., 0 5R 3114% 52 iR
PR LR TR AR SRR, e kB, A e BB EE A
fie F; HAnW ¥4 T —2X (11-9) X LAF B iTie.

H

R 10-6 iEH, HHEER (10-68) FH V EREEIT, WELST R
R (10-57) Py “4EIE” # (AN ERIEH MW AR).

B 10-7 B EAEMATERT, S8RHES R, RT3t EEm
M6 {EH 2

., hw
Fexact = kT'In (2 sinh 2lc—T> : (10-69)

AR U HE B BRI UE. LEBA,

2
U(z) = mT“’ (zz + %) (10-70)
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LA &

2

Fapprox = KT |In (2‘1‘1) i (%,) J (10-71)
Xf F % Fpo R AE, e A B BB B AP E A RS kT M H. X — SRR FRAT,
@4, Xt F HAE hw/kT B2 K 1.0, 2.0, 4.0 Z8. WEH, IEWMATE, F7 KF
F, JF H 258 B FRARRY, IR 28 K. HEE, BERATE T &M XA IR T (61
wn, 2 e hw/kT = 2 B, R T EES R ZE 85%), I BI4h 1A% H o
b A LA R

BXELERSEMEMUBINEREITHE £8P, AHER
KT In(AW/kT). X645 ¥ BIR 2F/hw BIIX SE{H, 40°F 1 6 3 % Frs:

| hwkr | 10 | 20 | a0 |
2Fexact/hw | 0.08265 | 0.8546 | 0.9908
2Fypprox /hw | 0.08333 | 0.8598 | 1.0265
2Fjassical /hiw | 0.00000 | 0.6931 | 0.6931

104 ZTEERS

HARGAILAARE, BT B T8 B AR 5] & A9 35 26 45 5% 5] B LA 41,
MFATTE 2 5 i 07 ¥k B HE IR B T ASK AR R ik R o A =
BE AEABT, ZETRBE B KR E /A N AR EF,
— R EEN m, BREERERZ 0. #— 5%, @ V() R
TR B K B A R 55 W1, T AE T B R b R R SR A HE R A b
WA, BATATLHE V(r) R EEH, B

o0 r<a

V(r) = {0 e 2.7A. (10-72)

XMAGHIAAHHEAR T AREL:
=5 > lail - % > _Virig), (10-73)
i i,
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- 226 - F+E & it 1 F

2:(0) 1 [m oh
Z = -=|= £ (u)[*d
//mi(o) exp{ 5 [2 ;/(; |2 (u)|"du

1 Bk
+ 30 /0 V(|ai(u) - wj(u)l)du} }DSN:B(U)d3N:B(O). (10-74)
V)

X JE M REX P, 55 DWVe(u) RFE D3z (u)D3xa(u) - - Diey(u). FM
#, AN (0) 1 E LA d3eq(0)d3z2(0) - - - A3z (0). ATMREL, BT A B R4
ARG 5 2:(BR) = x:(0) BIARLEI 46 5 i (0) L Ik &K @i (BR) Z 1.

FATERX (10-74) PEBH BN LR B R AEM K. b & ATE 5 69 Xt
PRbE Bt TR X — S5 . XA IE R SR F & F %W EEHR
Z— TESB T RATROR i, 2R F 0 AT FpOR ] 43 389 X R A, R4 P
i 77 2% R F M 3 AR 0. I, IR AT AL R B S HERLF A, X T AR A
FEA 7 — A7 Kt vl LSS BLIRIRE 2544 (BN P AN KL B A S 40). 78 A5
T, XN TR 5 B 2 38 4 R0 B A 32 45 149 R 238 0 00 250 AH . (G A o L 1 5 A
TR T X T HOKF, B TR F B9 A7 B 47 5| 1 5 Rl 55 20 0 M R I 5 4 D)
TFEMAFEFRREEE N 4AWERMLE, EEE 6 MR 2 METF, 2 M F, 2
AT XEWRE DR FREOTF, BB R EAR . (Bl4n, FATAT L
U, B 8 X FRGE T, 1 2% KR 38 S R4t

h T 7 B 3 R A A IR AR R AR Y, DX EUR TR U, FATT AT LA
TG T WX AR L AN, R F AT R Ok B ke, RER T 217 2
B 09 7 1 RT BB 5 00 46 B %0 9 AH 18], (B R 26 [ Y SE AR T RE L 835 T

Blan, AL~ IR FARICH 1, BN E 21(0) g RITEZ B E A
AREANREFAELRT B FX R —ME. X FEANFET, 2(6h) % T 2,00). &
M, REAREF 1 X FXMFEME. JBHF 1 /R T 2 WO HRMLE
2T, BNt z2(0), MREIAEF 2 BBIEF 1 AP a 60 &, RIFEL T &,
JiF 1 A1 2 n] REZC#R T 4 .

AT e — A AR X —1E B, b Pa; RRWIAENL T 2 0OJR T 22 )
MR — B8 T2, FInFERT 1A 2 32 i Hb 4 55 H Rk 0 8 1 0L T,
AT A

Pzy =x9, Pzo=1x1, Pr3=ux3,--- ,Pry=2znN-"" (10-75)
I6 H, AT LU 1R A B9 A ) e
z;(Bh) = Pz;(0). (10-76)

TR T i 52 B B AL A% R, BT3RO SE R L U BT AT N A T B B 4R
i, B A B AR AN — R T BB, 5 AT BT W) RE B e 1, WE — 1k
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B Y. XEF ARG X B AR B M B R M, X (10-74) 26 il

1 Pz;(0) 1 [m Gh '
“ mzp://m(o) eXp{_ﬁ [EZ/O () du
! o 3N 3N
3 Z/O V(li(u) - mj(u)l)du} }D 2(u)d*N2(0), (10-77)

oo S SR A FTA E P ORAL

ﬁg%ﬁﬂ‘]&i‘lﬂ%%%?%% BlnAH =M F AR E, I 48 O A4
— NS H T 1, W ERERRIES, S RERRAS. EERPENA
B2 53 A M B 5 R B OBER R

TR LIS R 10-77). SFFE 4 7EF, ANEFMNLE
a Ml b HEFEME ¢ 71 d ET ¥R RIER

K(c,a;d,b) + K(d,a;c,b) (10-78)

(45 o ] B 0 2 25 B A SR MR AR D TR A 3k SolR 7S R 22 8] TR k4 ). FE X 3K
ERF, K(e,a;d,b) B—PDRFH a B cTim—RFibE dHESBER
PSR F R AN AT 43 3R, BT FRME TR Bk, IAAES c 1 d B
AL T AR TR AR LSRR ¢ A1 d MR FR R4 BRI R B (e, d) MARRAER

x. Al xg BT HR R EL, B
W(e,d) = 1p(d,c). (10-79)

Un2RRE R B KT, IR A T PR RO AT R X S B Y SR AR BRI R
& AR, XA AT DL E e, B

¢(1’2731"' aN):¢(113727 aN)

1A — ABERIL ) £ 5 5 2P AR 5k 2 T8 oA 0 20T X R ) (R T 98 K, b R S X
PREY). REREES IS T RRIE A 55— e i, BARR A2l B PR AR S ROkt
PR, Pk, 7850 (10-2) &8 SCHC 0 ek B9 K A Hp, FRATTAS 7 B8 50k ey 485 01 & 1) P
A RERAMEER N (X LE(H R Hopn = Engy 1BFIM), TR R XHE R ¢ 2
Xt K R B AR 8 B, SRAL 3 (10-28) BT E LI B BEHE BE p(2/, ) 1A % BT
WHE N PEFRGER. BATEREA BB X A 246 2 F AL HE X FR B bR %
An?

A TIRENX L4l BATE A TR ET5. & eRATEZR, e frg &
A, FAU TS B RO A — &, T R A AT R B BT AR o — A X R R

[289]
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. 228 - F+E & it ©1 2

BOXHEAT] R BX f(z1,22) B flzr,T2) + fzo,71) BERE— DI FReBEL ML HE
th, X FAEAT 3 R p(z1, 22, ,zN), BREL

¢'(z:) =Y _ ¢(Pr:) (10-81)
P

JEXTFREY. T ¢n (i) 7B RE 75 7 R B, W i K (10-81) & K ), (i) B2
fift, PR D ok A b AC e i 4 TR R N ARG, BT LA — AR HRIE K ¢ (Pr) B —
A, TREANTRR LR

YRR AN B, A MR AR EL o, ALEMEH. 7 B BBA X
PRk 0 B 22 3% 7 BEASAE{E, U 0

> ¢k(Px)

P

VREFE AHNEEARAETE, CELREREN B, WXHRMBE XIMELE
bR EH X (10-81) F LB %2 T AL A X AR I R B, BT A HAtb iy
fRERH T, 5 on(x) BIFREY, W ¢, (Pz) FTE, HAEBR N NMEFH N F
IR, FUARMNE

[ = Nia(a) o RA R,
;"’"(P””){:o £ 6, R,
BB A T A R LA TR 0T BB R S o
4 57 O A IR B s 7T, L,
all

Y p(Pa',x) =33 ¢a(Pa)g (z)e "
P n P

sym

= NUY_ pu(a)6(2)e 75"

= Nlpgym (2, 7). (10-83)

(10-82)

X BERAE (10-77) & XX FRGE T 9 BL 73 ok BLAT, FRAT] ' e BT A R 1 I Bk A
N EJF . 753 Y B 53 R O B T

sym

/psym(an -’EO)daN-'BO = Zsym = ZeHﬁEn. (10—84)

FANBAEAE 13X (10-77) WKLo E. 78 IR AT, FR AR 1 B A IiC 4 56 3

A 22 LA, FCH AR T B F RO AR A B B WATE B R B R A, i R %
JE—NEFINHH IR S ZhBIBE R  d BB A E A H R m. £ (10-77)
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B s R B4 b X R MBI ER S 24 (0) BB HUE WALE Pxi(0) Mz 3), HFHZXA
45 S B M T BT R A TR I L T exp(—md?kT/20%), BT, € M & & B 1
i =R T ] B S A B hn ol b, Rk, BRAEJR T BE B LR AE R, B/, oK
M R TR REEMN NEFARFRECNFERAME FRESER, 5
Z A E, SR AT AT ] A R R AN EE R Y, BB R A AT B ) B[R] ) A2
o HRAVFRBHEWE, FREEH, BEBEZRFHLO 27 A WEEALR
il st 3% fin, BB 4 B A R A R 18] BE /N F AR 89 467 T 2 .

Foh R EEE &S R AE R E E X TTER, BT AR A Z % 18 8 [R) & 5
HREEHEF /NI T. LS %R, AMTENRE], 4403 4 Rk 5 1,
XNHFRFEN, HEFBRETZSHEBEE L. YHFILMAFEFHRES
B, B X b2 B i FR O R & .

B % I FE T B, 15 80K F exp(—md2kT/2h%) BT 5| &M BB A T AL E
FE S ) e 8RR /DS, X R, TEARKIR BE T, A L0 i A0 T X 45 A B e Y 0
REE T MR, WAEEE B E JFERIMNEEEFR, E B, &
BV BREARR U, RTUAEREFBIET. MERERMK KA 23K 5
2.4 K BT, ¥ & A9 o BT G R A 1.

B8 10-8 WAKEER 0.17 g/em®. WIRTEF M T AL THF 16 7EH#
A R AR A, A TR A B R A

F—B AMAZPBEEXANETREEREERN. KT H8RE B HAH
PALE RS, FAT KA E T EEAERET. ERIFRXANEF Ry, WY
r NIRRT BB AR, BREE y W FFEHENEEMBET, y —& /D
T 1, BT r K, o7 BRRAN. BT —E 28R, Y r HEF cm® WEAY
1072 A~ (9 52 1 5 70 0, 1R o™ ARER DR B TR 0 SR R TEBR /. SR TR, X A
BHREALZEITARFE N T r MR TR EH, A o Dl i E SR WX
THERERK. TR — M EERBANERN BB EOBERK FE
AR e HETH T AT

iR LR P HE S — I RES Y RN ERNERG X EfE
BefR ] LR O —LE3R, 0 1-4.,4-7.7-6.6-1 B — 3. B RKRIAEE L Z I
ERE? MEMMA TR, EFFEEN, AARANRFZE N E AR EEE
B R)E, BEEREN TR R FAEEET, ARRNEFHAUARE 7%
O ERERM, R FEE, FRKE L R M/NE y- BHRE KK
BHAM: EBRET, EENFEBEFK, JLFEETERNNFART.
EX— i, WS REMEEI M AEEE FRBRELT, BAESNHTRS
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WA EREZLHBMMER T EFEHNE T EoBETRE S HMME%
G XA R R BT YIS, IR B REF BT 8 & Fh el GE MY
LR 2 ] #4521 S B b, B2 BT A TE IGRE AR TR BE e bb B P B ) 4
W, MAEE A B AR R R at. HARX MM EHERERERENO.

Xt F# ok F, tein He?, 538 (10-77) B2 UM AKX ES S . 5K, i He?
15 O Ffr, SR B ma AR X UKS 8 0 X AT B . KR B2, FEI B iR
TIEA R IER &, BT A KE L hEFHREZHFEAEEE. FEHRET,
filan L =51 F1 L = 52 (3, HSTERJL-FAHSEFF 540 &, B e 1L FHRH.
T X BT 2 25 R Y, T X B B SR AR W AN B A BT B A T — X
90 50— S B 57 1 a0 9 K T R, 24 TG VR A8 B 4 — T4 RS R A A o,
SR XA 38 G E = R AR H T .

XA (6] Bt 1 BB A P o e, 4 2R T BE AR R A TR OK R G A B HE LS B
RAAE A . FE XK RE L2 T, 82 A5 2 f) — 10 KT
BT, EE AL T AT

HFAMHE 1A EAHES T, BRMNELF D, LA S8 KD 4% LE R,
A (EEEER RN AREEN. SHMAENE, ROFEEESSE P HET
MR TR FRELS> FRENFRE, Bkl FAIEFREBR LS T
FmERE EZRT, RAEHLE T BEF BRI SHBON K B A ] ek
WA A 4R P R . XU, ERXTE RN S RRMEE T. 32
RN B EE B o T S b A, B E M) R U, PRI, 4R, BT
CEBHEIER, XFHE/EHRZHEYEMY. HEERAESS HMEREZEK
FEHY, B LU E AT T8 4. — AN 47 B9 DR 3 i Fis 3h B LR B AR IR ST
(), 24 4%, FA B FERER—FAAELN S, AR dE T B
() LA B R 4R B F 7E 45 0 B 00 S8 7= A 1. B 9% 22 8 FE LA F A BRAR B K
Sk, BATATLAT - 30H X &8 B F 2 T HE .

SR, WARBATANEETE S T M, BV TR X AR JLEZ T A KA K & )R
FHAERE - XFHAR, ELERLEERTHAELES R TRERS
AR B A ELAE . FATAn e = 6 2R el J2, [R] Al R A PR A [R] [R] 4L 3R A AR AR
R BE B T I 7 B i i SRk A A AR R 5 i T 2 [E] B9 AR B T A 5K 60 R A,
a2 5 T R ER AR AL A4 [ SE TR T AR A AR LA R A SR B ), AR 4 [ i 3
P Jo B 0 AN IO 12 2 ). S T T [ R ) B AE A A ko RE RN TE A .
{H 2 R 1 932 gl A0 o] {25 26 5 Ja B9 BE 3R A 2R AR A BRAE? I (1R T 0 U BE 14

© 72T 1 SCER B AT DLER B A e R 3T R RS 7 R B B R A A8 R P R B
Phys., Rev., Vol.91, p. 1291 (1953).
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Hf SR A RH? BT - FE - R BOE - RIUL AE RS EE 17X
o ) B FEABATT A 4387 b, BRAR AR DT IR B R AE A, L b, IR BURE R
Xt i 1) ok 1 R G fd A RIS R

ERRAEHER (M EAFR R T BB R B R A 5B .
XFRGEEM T —RIVBEN w; KM IRT. AT, MRS HHBE F A9E
EBRMALS FEZM, TATEHEMNKX (10-2) B R TR H =

kT In (2blnh ﬂ)

kT
XM RGN B HEEN
hw;
F= kTZln( 2kT>
— 1
= szi:ln(l = g Ry Z 5w (10-85)

IR A e —WUE RGER S RER.
MTPEB NV WETHRE#S, SERMEHRAR K HEN, 81 K
AP B EF AR TREITE S RAAERKN B A hfER

E e—hKc/kT d°K
v = kT/2ln(1 )(251)3, (10-86)

WEE U & BF Xf 8 Mt 24, EZR (% w=Kc)

U hw K
= Q/emm T (10-87)
K ZERERITA LLE R
d*K = 4nK?dK = 4nw—:dw. (10-88)
C
XEWRE, EHFEMN v Bl w+do WIEEAN, BEEGHERE
. 3
S L (10-89)

(2nc)3 efw/kT — 1

EERE AN RS A BRSNS ER ERAMME - RANEEE
%E’Jﬁ?ﬁ%—"%ﬁ'ﬁ HHB RN ZHERF N FEFRNE 4.

— I B B 2 U R B PR ST SE RN R AR R T A Lb B R Y
’}Z‘ﬂ:%% B AT L X (10-85) 18- 3, Aok BUFE4R 72 45 /\ Z5 sh il it i &

@ J. Bardeen, L. N. Cooper and J. R. Schriffer, Phys. Rev., Vol. 106, p. 162, 1957, L &
Vol. 108, p. 1175, 1957.
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PRy TR IEARL. B0, (R (10-8) ARAE (Z5 BT A AE), 1X il 1A B A7 A BR G 4 fE

2
d3K
= Z /ehw(K /KT 1 (27)3° (10-90)

Hi oK) BEX K Bﬁw%ﬂ@ﬁ%. fEfmER, XE—NZHEEH (F 1T
mMERAE p MREF, WA FEAN K 4 3p 1 w). Bk, FATS5% 54
K i REAFT AR w (HRF. K B8R4 Kl XGOS T 5k 69 A BR Y FL X o8
T, B K AR, KRR w = ke, TERMAHH T 2, I HBEHR
(10-87), MAEXT K B FL4r & T %5 K.

5% PR30 38 RN AE T & AR L AT X (10-90) #9451, TR 47 i e 1 L
LM EER S SR R EAEMBH MR, CEESSM TN
SEARHAC AR BLAE, &S Fi w(K) WES2 ARG # K (10-90), W25 4
A N6 B MR AR R A E B P R R R 3 5 1 R A IR — R4

105 KXTF#HEFENETIHB

AER A RANGE T ¥ HAFSHEFRGHEZLL. RARGL TRES
EWMBRENRT exp(-E/kT) MABRE—EAER HRENILE, @FEE
SR IR ARG ARV 2 A0 X B (8] 18] F P9 (9 A ELPE . (B XA 5 s A A
Jia) .

qn ) 58 — 2 o BT R B AR A, A 45 b B9 4 B HE — O o R B AR AU
AR E LB F 12 . I — 8 & B AU —AF, LEFRATER —F 0 A
HEXRRERER TR, E—TRENBE T HEERBIFMBERIENLT,
W A2k, ERGETHER AT AR i Z Fom. IEaK (10-77) Fr & H
BB A, 3 R BT LT B AR F 5 S LA R A S i TR SN B AR AR 0 . #fE
FRXAEERMN AT HEERBEN TR, FEESMAMEU LRI R B K
A3 AR AR B8 3E; Bl X Le S BOATRE L B, 3278 Y BC 27 BB %L (10-2). B,
AT RIT A B8R, LU= 4 Z MRS AKX X T PR %, HENR
RS EAREHHBERI LR ARAMFTADEERESHERR Z KR
B ve? WATRE B B — 4552 2k 4R R AR A HEAR g7 B iX 2 AT AE A, 3
I3 J 3 4 4] 25 £

ANATRER 0] Rt A B ) B WOX 7 XA SRR, R ol L 46
P LUFTK. FETEIRAIEA RER. T S 48 B e AT ) M — 28 ply 17 3200, X
T LA SE I8 20 4 B A ) B R, SRR B TR AL T BB R A A Gt
% EOMPRX A EER A EE M
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KU RERB A8 2] TF 2 &0 R, © RaF EmBeERs A
XA RGN BARRER (MA R EHELHEER T E). AX T HERAN
BERBES T —ER R XH, XMW RERKA BN RER AL, SR
R HE—H.

(EH2 SR R, JAT AT DB e, BT B BB R o R X 2 S B 5 vk R o —
o e A O D) T 38 i R B, X IR R B — RIS R O AR R AR TR
A — ARG MR /M R R, /F R SCR

§= % /:ﬁ(t)dt - g/as(t)w(t +a)dt, (10-91)

Fr LAz s 7 72 J2
—g[x(t+a) + z(t — a)]. (10-92)

XHE RMWE T —FHHHFHENOEE, Eh—RF2Z -4 N,
B F I oRE 2o 2% 5 B 220 FUKS of B B 21 A bR B9 S ME. 7R (10-92) A 15 £
KA, (B RIEFRATERE, R AR 7E 18 0 i 1 25 O 19 K 0k « FIR AR
Rayizzh BRARE HEHBEEPAENT FHRAEZAKR (X t — too At
dr — 0) HIFREAESr 8z, H 8S = 0, WA T S HBRFATA B A % 18 1Y AP L6 .

XFXMARG, AAREE X —1FHEHERNEERX ANRGEEHFRY
B E) O (AR R E Sa X MES ) KEXfRgER
AT, ERFRA (LLanud) s S T3 sh, I ik 2 #8745, 1A
B M) —DTEWRBE T Ab T 78 0 R4 IR Mz 3h 7 & (10-92) FI7E G R 1T
Ab B)IE Y &, BRI RSB S0 XA R R E
0, RIF REX M REER T EA RS R, B hZSsh B ELEn. HE, X
e HMRZ T 28t h AL REREHELLFERABHEHEEM
ShE R, FH, ERBUEE RN R NERGE A USHT, XEREE
Mizsh FRREEMHE/MEARRESH, IEEMARLES THERES
bFHBRN L EMBEEEE LR,

XA ] 8 — ™ BB T SR [B) A 28 B2, J5 — [R) B, B AT AN A —
MERGERT H¥FERNBEERS AR EEGHER — R84 TEENS
I ERNBEEBS AR

mi(t) =

B 10-9 UEBFARFRIAR
t+a
E(t) = %j:Q(t) + gm(t)w(t +a)— g/t z(t' — a)z(t')dt’ (10-93)

HiE s (10-92) BiE T —P<FEREEE.
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— N FAEIA B S A AR Z R (BIFE t — t+ BB ERTEAR
), RS, fERFZ T A — 1R REK BE(T), ERFEMN. s LAH T RpER
HE, BITERTA RN z() 2R o[t +n(t)] MM FRIEHR S 89—/ 21k,
XYt > T nit) =—€/2, %t < T B nt) = +e/2, T e &3 WXFF I
/N €,88 H eE(T).

B 10-10 g —h T4 THER S P eSEI J1 ¥ RS Rk R .



%+
25 4 %

X — B, FATT I U AR 4 A 23 SR R SR 8 B AR B AT RUE B T EE. 5, [300]
AT — L) TR UL X A I . SRR, FATTIHE — LA AT Z A 20 () AL

11-1 /N EEFEE

AR — PN REN B F AE. X (104) & L RGE 5
PR EK
Z=ePF (11-1)
FFf, BT LASE P B 12 B4 RO,
fEX (10-30) o, BLor R B £ W HEE p(z,2) WES. Z/E, £
10-2, #1377 p(z,z) WG T R, REE af @) 288 o SiEE &, ' 5

Z = / / e3/"Dr(u)dz, . (11-2)
—o0 JTq

TE 10-3, X T SRR BR AT, oA MR T B0HE B R, LURESR M 0 5 2 4
B B 00 B 12 LS O MR, BLEE TR A B H 3% — R R, & T LR AT S 2 52 0T
SO . A fE XA B RERONEE T S B Ay

TEA B (IR T4y, T B ST 26 19 B 0 045 B AL 1. 45 4 6L 45
By AT 5 1 R HY 5 — 2 5 B F 224 R, B R R, T L4
B A4 R SR .

TR, 7T CASR B T B A SR 5 — A 57, 45—, M4 o, {2
/demﬁ/ﬁébmn%#%iﬁﬁﬁ?ﬁ%%&@Gﬂuﬁ%mx
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B B /esDx(U) il /eS/Dx(u) A AR UM, RIS RS N
BHEE, EATEAEMI. MERK FF 2S5 9 KA B e B

:/ /aeS,'Da:(u)dma, (11-3)
—0o0 J g

// e*Dz(u)dz, )
= e PUF-F) (11-4)

// %' Da(u)da, -

BT oS = e5=S'eS ) AT IR (11-4) B N

// S—8’ S d.’L‘a
= g AF-F), (11-5)
//e Dx(u)dz,

L/\Tﬁ%ﬂﬁ exp[—B(F — F')] & exp(S — ') W E41ME, I E X Fr A B
2 BA R AR S M S, I BB BRI E R 5. FERFEYHE R, f
}EtuT z, WA A REAE.

MAEMEEHAT T ER DT ERBEIE S -9 B/, EFitk F— F WiR/,
WA T4 A NIE R BRI B — KT XD HIEREAATHE A4 AN
BE, 02 g AH Y KA, B(F — F') FHAR/N. 3R, 5@ ot thig 281, Joign
X2 F— F' f&EIT .

& 77 AT LA 56 R P 4% FA 1 B iSE. Y o JoHL N A8 4k B, exp(x)
FFME B R KT ESF T o FHEMIE R, RE o B I HoREH g #
FH A & IE ). B

TR

(&%) > e, (11-6)

Hrp (2) & o BIMACEE. 152X D S50 0038 & o W22 m B VTR (n
B 111 BiraR), DS S AT e ih 4R 08— e i X (AR B, 3 8 i 8 A9 5 0
T FH. XA EOHBEHEERXER AN BEEMENTYE (), EX
F e B BB AR AR SE A (), BHZR e 7E (z) SRR R @),

fER (11-5) 2y, BAIXH 4 A IEALE 5" BRI exp(S — S7) 19FAH, =
S RS RS TREA (11-6), EA/NT R exp(S—9), X (§-5) &
S — S WRAALE 5 HEI(E. B

. //(S 5§"eS Dz (u)dz, e

/ Da: )dz,
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(e ___

e

[
1
|

(@) z

P i1 BATBREERN T o BIER, HFBENEREEHEFHHORERE. BT
2R e KL 1A b MIEY, o A H{E 6946 L o) b RARTF HAB B IBLEH (7). o= #Y
16— 5 B4 fih 28 5 5, T3 26 5T (9 FE L (e®) — AL F 2R K L

TRENA
g PE-F) o olf-F) (11-8)
ENERERE
F<F — %(5-5’). (11-9)
TR &G 45 R 2
F < F -4, (11-10)
Hrp
(S — §")eS Dz (u)dz,
6= 1// : (11-11)

f // ' Dr(u)dz,

PRI H X BWA B/NRHE ERR, WRRMASMH YEHR s it
B F -0, BAMESB SR BN, SiMBErH T H hfE FO. MR, 45 =9
fisf, i RE B S5 2 B i1 RE F; (ERIRAT AT LUB I, In5R S A S FERL AN X |3
Bl—g/NE, W F' -6 5 F MR —E R R/

WARHBERE R S M — N E T RER, TELSHReE, Wa L
b S E MR F 0. TRAHKE/NF -6 iR F KBITFER.
Bl Bl B S HBAA BRI LEAE F7 — 5 /NS BAE, BRI 195 U R4 R
FI—0 SHS%F fERD.

AT TRIRE B AR /IME R B F 3 R B AR BERS Eo A9 LA, [

O L FHRERRE, TiL S ER S HARERYHEEXFHEMARE R BN

EATTH AU A A o T A A TR S AL SR T 69T B AT R LA 1Y
BBk 5 LA ) 052 4 B4 R I,
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Z=g = i g P, (11-12)
n=0
M 5 G5 0 T R IR A, B Y B B B R B, A B R B B9 A Y
ROk A EE. KJE, Z MRBT R EE AR R/ANGER I e Pl
Ep
lim Z = e PPo, (11-13)

B—o00
FATTLLESEH B U8 F, BEM—BRERGSRE. &L E) & HEM
S ARG R, RIGHESH (TE AR B IR T Mzl)

Ey < Ej — 6. (11-14)

HIX A B AR Eo BT RUMELRS, BATHIAE 55 LK B i BE F i BRIV 1] 5.
PR AT AR H AR B 4G AR AR R X — 45 . 9 T AR XA ),
I E X (10-28), FF45 th, 2 g B KA, B EEK o, z) HRF K5 E
SR AL, BEIT T do(a’)gh(z)e PP, XA, 5 o/ Al x 4 K F M 45—
AR R T, R AN R N R A AR RO R TR S R SR B B R AR A
P Fi 9 1E 5 > 8 O .

11-2 THERMNA
VE R N FH bR AR o e v H RS 4 R B — AN T, B R — AN BT A R T —
Aerhiz sh g o0, 5 23 R A 7 3, AT DLE X AR F IE &S iR
B8
S= —/0 [542(w) + V(a(w)] du. (11-15)

Pk, X FRE9 B 16, Blsr AR

g = /j: /:a exp {— Aﬁ [%xz(u) + V(w(u))] du} Dz(u)dz,. (11-16)

XA e AR o) il K TIR 4E BE [ B 4R HH K 0 BR AR TEML R R AU 205,
b — 28 58 W BT A A BE B A s ARG

FET 10-2 FIRATT R 5 R i R A A [R1 A, 4 H A R A 56 vk 1 9 1h L2
B TE IR S AR FRIE LT (B0 kT {E H R B AR 0), Bh B (E 2 10 i
AN, ABUE Bz, i3 B B2 B0 TTRR. 3XRE, AT LA 308 V (z,) B B2
BLor Rk — > 8L, 45X (10-48) i R B A ARRE, 44

—[F, /[ m
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TE55 3, 38 70 B4R B9 (A M R T 3, SR R T X B AT
T, B EREMGERNG IR T AEBIE R, BEMHGRFRFHTRE
HHEE U, AR GEE RS REAFTHWAA, HNFR, BHTERE
AR G35 RFER L. 8 IR R X A, BT AR T 8998 5 A0 ABE B JBHL 3G
S IR

P, FATA R B — 438 4 1 IR R W (), Kb 7 BB 81
B, T E X

= ﬁ/ x(u)du (11—18)
& A A, XU i SR B0 BRItk I & XA B2, E R B # e
A B
m [P
S’ [z(uw)] = ——/ &2 (u)du — W (T). (11-19)
2 Jo

FHX AT — TS, ATLLHHE A (S — S).
W A 25 TR ARSI AT, ISR (11-14), RA XA EBR, RITH

// [ / (u'))du’ — W(T)J Sz (u)dz,
// S Dr(u)dz, .

) B
S BW] — exp {_T/ :i:z(u)du} exp{—BW (Z)}.
2 Jo

BLZAC AR, fE3C (11-20) B2 TR 43 vh BT 6 A9 B 12 2 IR 2 900 K 4 R B B 42,
HHAMK (11-16) 1 —H, Bift— 5 E R BT E %6 A . B9

EE, 6 0T aEMFR (10-63) F3I AT 1(z), RERITIBE
PR R E T, FAER - E R REX 7 T A W R EE 5.
Wi 1) BT RIS R IL, 6 MAF5 o« Tk BIMATASE+ZH s
R F MR AR B4, FFAR (10-65) BRI E. i

(11-20)

Y =2, -7 (11-21)
P oy HUR M BLTE 7 7 P RE A M — RS R K, M4 R 2
— /oo /oo [V(z4) — W(Z)]e” @@ dzdz,

/ ] e?®a?) dzdz,

(11-22)
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K ep ;
e (®a)T) — exp {—Fm(.ra = T)z} eXP{_IBW(E)}'

BH R M LR 2, R (Br/6m)' /2. B, £ FHEFTHEF
W () %t 3 99 ) B 43 45 3 [R) BF 6 A8 7 R . 33X % TR R B9 TARTROT 6, HE K
758 nle 4 T b AN G B3, I FH T T AE A R B V (7)) E— 2B T AL T AR I %

ke .
V(@) = 1/?[—75/_ V(ma)exp{—%(ma —T)z}dma. (11-23)

V@) MBS R R T RIS ARER T H 300, XA BB V(. B
20 407 0 A TR R I RO 1 B 25 R, R (10-68) P S B R U () — #E, 3F
L TR FE AL (BR2/12m)1/2. X 2K A SR T, XA B A48 0.7A.
R, EER T, TAHETERZ 27A MAAE 2. BIETH § M5 H

| w@ - v @

o0 -
[ o
— o

T R F - 6 BRAR/MER Z AR W(z), 1K (11-10) Fr
BB RE.F 5E U

e AF — / / eS’D:c(u)d:Ca
0o e m P
:/ / exp ——/ i*du — W (Z) p Dx(u)dz,
—00 J g 2 0
oo ree - m [P
:/ / e_ﬁw(x)/ exp ——/ i2du 3D w(u)dTde,. (11-25)
—o0J/ —oo = 8] E 2 Jo

XA ARG R AMN (WX 1117), EMHER /m/2r6, FrLlE 2

—pr _ [m [T _aw@ gz 11
e 2Jtﬁ/_ooe dz. (11-26)

TR W(z) B R, BRI E kB W(z) #/hAEfxt
F — S {EERE W, H2X T RmMETE TREMBRE W Hl

6= (11-24)

W — W (@) +1(7), (11-27)
FefiTih X (11-26) &K, F' #2485 R
/n(f)e_ﬁwmdf
OF = (11-28)

f e AV@) gz
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i (11-24), 6 W22

[ @) - pot@) [w@) - V@) e e
06 =
/e"gw(i)di
/[W V(z)le™ Bw(z)dzfﬂn(z)e AW () 4z
. . (11-29)

(/ e”ﬁw(z)df)
i (11-10) A B EE, A RER

OF — 85 = 0, (11-30)
HBLIRATTH

w(@) =V (@), (11-31)

FAF (11-30) fE W6 L. M4 (11-31) XEW®RE, S RE, M FF BHE SR (11-
17) e L&A mRERIFE B, RIE F E P RHREZER V(Z).
Hp

—or s [ [T @ 11-32
e > 2355/-00 2z, (11-32)

HoHgamsh vz mk (11-23) AH. ST K 4 1H, B heEEE - 55K
REZR Eo M X FE, FRATATLATE R (11-32) BN ERM T By —ANEBUE.
X R, B kA RIS RS +E P BRI EAER (10-67) F1 (10-68) B E
ENESE S I

11-3 tRETHFEIE

BTN A — DR AS 4 B, BR N 5 - B9k (Rayleigh-Ritz) 77 ¥,
HAA R R H RGO SEGE, B £ HREAERE, 2l f RERT
R, A

/f*Hde‘

[

AN E A Tz @R, O HARZS 5 UE B, #5 0 RR f R T B % 1 4 i A

Ey < (11-33)
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/f*Hde‘ D lan|*En
[rar Xl

XFIRR WA DA ENE |02 WREREPHME BREAT E%T) &
KA By =X (11-14) RREEEA XM TR (11-14) FROREA. FL L,
X (11-33) B (11-14) H—DFEBRER. (EMRY—o, RN 451 J R
Tra B R H B A SRS R B B B R e 6L, 7E BRI T,
R A ML) M T B EXEARTF KR, RO BT R F: &
e S SHifs e &

(11-34)

L= %m:ir:z —V(x) (11-35)

AR Hh viz) 5t LXK (BN, YRWABHERR) RITKE R R FRA
o B, A o] EE#A S ESEE. B8 RSN ERAS A T, F
ik B H & LR 2 sh 6 —R0F, WX (11-33) U3 1H AL Sz, SR i fE
i s BREM. FEHERT, RITHFER (11-14) (306X 89 55 & 248 1) 15
SRAT. AR A ER. B, BAERMAR e EwINEE. T
B BEBR KRR ERT,

B B
—BEo " _m ) _ _
e /e p{ 5 /0 z*(u)du /c; V(x(u))du} Dz(u). (11-36)
BAERENFTFANRFRIENE S Bl
B A
S = _% &2 (u)du — / V' (z(u))du, (11-37)
0 0

EEFEENTHINE V (2). XERE

B
-8 = /0 V' (z(w)) — V(2(u))]du (11-38)

e / 21? /OB[V'(JU(“)) — V(x(u))|due D (u)
/esl’Dx(u)

IR FATHEF T L E X = EHE o(u) A RMIEE R FME, BaRk
Me &M, WIEILFS o 36, RE o 5 0 F 8 ¥R KHE. B, 18— A4

(11-39)
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MR EMME, 1T UE
/ V! (a()) — V(@(@))]eS D (u)
6 —

- /eSIDx(u)

Hea R ufE 0 f g Z R USRME" KE. % BB —F P e Hadrnk, &A1
AL REX N BERS, RAEERMNMBERELNERT S MAERE ¢, A
iE{E E,. HEEH o, 83 o (), RAEST °

S e OB (24) frune™ R 7 ()
(flz@)]) = ™2

= (V(z(a)) — V(z(@)))- (11-40)

: (11-41)

Y e PEng (@) ¢} (xa)

Joh
/ ol (1)1 (2)d) (z)dz. (11-42)

B, 4 g RG K, HH o WREZEX (L o = 6/2) B, 5SE&RMK
RERL T By B8 RO b, P B BE B FX) 48 B0 ] ZZ0mE. 1R 0k, AE SO AR PR 1
A

Jim () = fo. (11-43)
EXANEERALIE N
5= / 8 (2)V' (2)h (z)de — / 80 (2)V (2)d (z)de (11-44)

LR, BATBAN Ep s EXAE. R, & H RS S A XKW HH
', e, &

2

' _ P / _
#=2 v (11-45)
il
H'¢y(z) = Eggp(x), (11-46)
TR
By —6= / o0 H' ¢z + / SV dhdz — / SV dz. (11-47)
(EPER=RMI LTS LI E= S
P’ P’
H=2 yv=L qviv_v=myv_v (11-48)

2m 2m
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i 5 0 2
Eb\/¢ ) H)(z (11-49)

Horr g (z) B IH—AL ), 3F BRXTRF 3K (11-45) 45 H 05 9510 2 I I AE 45 A9 %
PREC WATE S5, 30 (11-49) P 4A X A e (K BB Al 1+ Rl o I pR 3K
do(z) BE THEES V/(z). HAXANHRAEEN, BT LUX A BRE op(z) i
EEM. Bt AT LUA FR A TS, Bl e R RE, AR gk Lt R
A (11-49); 17 AT LA B H 2E £ 0 s B0 B, HOH 5 20 (11-49) A 2 i 228 X
AT T U R RO R RO 3. SRR, FE XA ad R R RO A3 B R ORI 2 B eR AR o ()
AR R V(). TRENMEHR, XMERALEKX (11-33) GREY 7 —
At B 7 2
WERTET 2 (11-14) F R AR L SEEM NI &, REEUTAHH
B X — R, I AMAE X AR TR T HREAFESERGZE
AR BE L (11-14), TEME R B (B8t B TR ATREVLAY) A K2 5 e 4 il X
(11-33). FATHET — 15 R 8 — A XA 9 6 7.

11-4 HREFEPHERF®

TR — A TR R (B mEA) hizzh, X8 F 5™
B 2R B AR, X, XA T 5 R A E A TR, OF B 2 d T
K (32 g, AR X B2z 3. XA 55 H P AR X — R 8RR o R F.

v A% AR 1) — A J5 R T B BE R R T HL R Ok Y Fis sh e, B
— € Fim gl LURRE L A, B DAL 7 BA SC BE (ORI AT i, R AR
) B TBUE F A RS [ E R AU BT S B R R R R S
AT 3 Bz Ak F RS B 9 32 3h 2 7 W R AR 0. R ATTAS A — L T o1, {5 B E B AE 5
PR Af 12 o R X Se D2 A B 9 AT RE 2 + 2 R XER. R ntk, RATIE 2
S B — Y B R WA A — A BRARAL A [R] BR D, X [n] A LA 4 B 5K
AN TEATES B FMAENELBEHERERER, MELEH T ERE -
KL 15 b A8 T A 6 o 10 001 . B A AR A 4k A 3 A AR 194 ) A
IR

B, MATEE R, BETE R DB 7/ g, BRI H J 4
thia gl I OLT, AT LAIERA, 7 B V5 7 B A AR LA AR IR B k. — M,

® R. P. Feynman, Slow Electrons in a Polar Crystal, Phys. Rev., Vol. 97, p. 660, 1955.
@ # 0, H. Frohlich & £ TE Advanc. Phys., Vol. 3, p.325, 1954 (K130 2 A & 5 3¢ & fif
25 H A oA TAE.
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XS (1 BB ZR OB AR R E A e B BN, AR, BER B 53k
Bk 2Z 8] OC R ALY, B
h%k?
- 2m
Htm REH (A—EREZPREFRE). HRK, RIMEER], BFlTF &
BRI AR TS EE . IEXEEFHEHE RN — R
&5, FF A /N E R O 3R B AT LA A3 AT A 28 B 48 Bl R i AT R,
FATH 2 B9 I T R HA = AR e A, T L o R AT S A
F R B Bl KRR R AR wp BRSSO T X MR BB k. R TR AT
W 250X R AR TR w 2 WAL
FRATT 6 PR 2 R LA ke SRR AE AR BT AR A L, TR T
A EAER (Ead e 7). X B, ARG 255 F A 25 4, I8 5 1A 5 B 24 i it
WA R B R ES R A T, R P ERILKE, ANEEREH

(11-50)

)

P= Eake”“' (11-51)
k
AR 2, B o R
p(r) = -V - P = —ikage'*". (11-52)
BRM o(r) R, TATE
V2 = —4np(r). (11-53)

KA, g Sk D AT I PR, WAL ar 1E H T g, ML 58T
Z 18] ) EAE R IE B T 0 (qu/k)e™ = XS BT A ke A9 A.

Py F R RER A S B KR A E = p?/2m, FrAIRATAT AR A R
SHIPIAE I HEE R

2/2 2 1

T .

—-le2 Z(Qk ( 7 ) quke’k"". (11-54)
k

WA Sk — TR RIME @ A% Pl FRORE R, b 2 RERME. 4 Tk
B AR T RS B H R, A B, BT MR Ak B SRR A T, A kA
W AR S qr. Ja —TURE LT 15 A R 3 22 18] 4 B4 P RO R0 BT B, 3Rk
KAV EMBEOEE, T o B—HE8 ITUEARBE i, RIEHEE
BT RN, B AR At | < BRI B E) 5945 BE 6 75 R AA A, T B AT
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RFHALEF R MATFHREm 2% T 1L TEBEGHF R o ZEXEHW L

. o (i - 1) e?, (11-55)

€co €
Ho e Fil e 4012 0 A0 BB BORD B 4/ oL B RSB IE B F, B4 NacCl
ik, o A2 5. RATE TR RRERE L w N AL
BAETRAT AT LUE T 58 & HIER T S SR IFR B TR T 7z s 4l
n, BT T z, RFATEREMATHFLAT o RTIIA T RS A
B
Goo(b,a) = / e Dx(t), (11-56)

HpRMNELHTENENER (8.138), M
L §T . T T V2na g, (8) ik (s) —ilt—s| d3k
I ik-x ik-z(s ijt—s ) 57
S 2/0 || dt+//0 /0 T e e e dsdt—(2n)3 (11-57)

5 58 B B K BIAR Y, BATR B

/ & |2dt+\/_/ / Im(t)_'l_t: FOEAEEs (11-58)

Goo(bya) XN B EBE FHRIMME TN E @,z AKX, & 5ERNFTEEN
mf ] f T A W XA RBOR —E 8T, BT S BB BN [ f& T
) R B, B R B E 1S T R AR, IR AT UGR B, B RS Bh S R,
X RIE T RER B, XEEFFEARK — T IERBN HATZRH.

IE N FRAT]C L e 1Y, 7 Bk 28 20 IR H A, FATT A 5K 0 SE A (8] (8] B T
M. HATHEHRBAERX 11-8) P4 g ERNHHANE. %83 HX
(11-58) B2 HB L RA 5 UM, X F (6t B A8 & 6, B8 Bl &4 T e 8

K(b,a) = / eSDx(t), (11-59)
Hepas i ¢ Mo 23 g, IH

1 B —|t s|
S:——/ &|2dt + = / / dsdt. 11-60
2 ), 1! o 20 —2(3) (11-60)

MR RTER (11-58) T A —it A% ¢ (ﬁuﬁtﬂﬁ —iu) A LR B A
FIM SR, HAE Ry, 4 g E AN, XMMERTFEMRS exp(—Eof) MIE H
B 4

BLAE A0 AL 43 JFU B T T — AN AR B 2% 0 B R B3 T T 3R AT 00 401 3
EARRNEHNE S ERBOEMTEEIENE S, RIEFH, E' f 6.
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FATEES, 7EX (11-60) , B % AL 7O 76 4 ] 45 2 i % iy F R A
Ff 5 B e R 2 A& A B AR, XA R AE R T B R B A i %)
Z DKL 32 ) (1 BE 5, O B & BEA ) 2 S e M. HR R R, mil Tk
TE i A 5 | B P 3h 7 FH — Be it (8] 4 B sl se. BIES 7 o i 75 2 — Bt
[i], ] 75 3 B st Bk 3 L, R 4 R B it R .

A — A LR X R R AERE ', ARA Y R
B LR E B, AL S H A JLATER A P L. L EERS |=(t) — x(s)]
ZoH AT R ORR, AR — L. SR, B AE 4R Bt [E] 38 AR B
PE R BE I Z A, A — BOA BRG] Al F A, Br LA S KR 2ZEEA 2 HaH
A EE TR TRENAH

!l __ 1 A . C i A 2 —w|t—s
S ——5/0 |w|2dt—§/0 /o le(t) — a(s)|2e*ItIdsdt. (11-61)

WO ERE TR SUE NS Z AT RG] 5. RATERE R
ARS8 T ELFRAT AT LUAS AR R e b 8 1 BT E R R A XA A RS w,
B LA 1 XA ES S 80T LU 43 SR #h R AT 51 A SR EE, BD i F i
Py 2 4 g A I S i HU K L T 5| A ) Bk B [E X P 3 BB oh, RATIE 3, B8
WA S EOM B WP LT |z(t) — x(s)]? PASHRFYEBE, AAETR
Ey AR X F 2 L) URTETHE T, RATEREATZESH C Al w, U
i Ey #/.

HARKMNEBIERE S KA, iR Rmafniss e
TR R M T ik 58 K

He 8 (11-60) =X (11-61) &,

§= A5 — 8

1
12

C s ¥ —wt—s
+ﬁ/o /0 {|z(t) — x(s)|?)e It ~*Idsdt
= A+B. (11-62)

AT E PR N TR A DS T A T b, 77 LR A i %
R |x(t) —x(s)| 7t FHE b, X—BEAEER (11-57) 1 (11-58) Fja] — 4 B

© REX 11-60) F ) ¢ ARELHE], MRBSAE, B EHR R E RS H
Y, SR AE T 10-2 o BT A AR AE.
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B L O A O 5 SR, F RN TH
d3k
[HL I, A1 B B 5

(explik - [(r) — (0)]}) = . (11-64)

oA TR

I= /exp {—l /ﬂ |&|%dt — € /05 /013 le(t) — (s)|2e It 5ldsde
/ £() t)dt} (1) (11-65)

Ft) = ikd(t —7) — ikd(t — o). (11-66)
AV RN (11-65), ¥ AEEBEE F M kXK MABEER (11-64) P&
ERE—LE T EEER, X Q165 PEAEHASEASET, RIH
T H B RFIE. Bora k55 5 T O = W7 R BR AR B4 5 | 3 1 7 v ).
FRMEMB X(t) = X(t) + Y (2), 3N X(¢) £ BUR B K 085k sk 5. 3
ERGZERERE Y(). ERBEEE X() M Wi, HH X(t) 8T8 %K,
FrAE H& V() I FRAUES V() MBS RS f 76655 4
B, EMOERAAEENER (RS THX). i, A 4

B . B B .
I:exp{—%/o Xz(t)dt— %/0 /0 [X(t) — X (s))%e It =ldsdt

B _
+/O f(t)X(t)dt} , (11-67)

Horb X () Rt R X =N eR B [ T 5, B R A R A R 24
Bl [E]Fg R 0 3 T B, X(0) = X(8) = 0. 3485 Rl 44 A4 7 B2

d ;;t) B 20/ (X (t) — e It=slds — f(t). (11-68)

AR (11-68), & (11-67) A @it

B
= exp { %/0 f(t)?(t)dt} . (11-69)

R F B, o




11-4 HBEREPHNEET . 249 -

BT F MR (11-68), FHRERRARX (11-69). Mk, FATE X

= -129 / ' X(s)e™vt=lds, (11-70)
0
T ,
T20) _ w21z - X0, (11-71)
=X (11-68) 28 % -
- ;;(t) = %[Y(t) —Z(t)] - f@), (11-72)

XN BRERS B RME. B X() RARX (11-69), 3 FR (11-66) 115
B, &t

I = exp{ik[X(7) — X(0)]}

2C oy w2
= exp{—%kz(l —g ooy _ 5 2k2|r—a|} (11-73)
Hp®AME&/ET T
v? = w? + & (11-74)
w

XANEGROCEERE—, HAXNTF k=0 BHERIZH. £ (11-73) LA
= (11-63), 155 &k MR LB S, TERA AE (8- )

-1/2
- /

oo .
A= am/ [wz'r + ” (1—e"7) e "dr. (11-75)
0

AT B, BATTER (|z(t) — =(s)2). AT k BIFRX (11-73) B4,
B K2 LAFRIBY, SR LA B (2 (t) — o (s)]) B i,

2
S 2(r) —a()) = S =) 4 L o). (11-76)

BERS N B P4, HFHERELFILH
B 3C _ 30?2 —w?

m—— - (11-77)

BJa, HANTERRE TEAR S WEER E). d8E, (0T 11-2) f (11-13)

A
Eq —ﬂhm / / ed ’D:I:(u dz..

PIIAXT C R, S B R B,
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dEj _ E g
_2 (11-78)
FRMRER (11-77) IR (11-74), B4 (8% C =0 B, B) = 0)
E, = g(v i, (11-79)

HC=00, Ey=0 (AR T). RMNETHINGERREAKX

_ 2
Eogg(v—w)—A—B=gw—A, (11-80)

Horp A ds (11-75) Za . ATLUEE v il w BRERANSE BATR LS 8
A, IMER B B a9f/ME.

AT, AR ERE R A W, TREFTERERS A XL
W Eo. ALAE LR B FRAE &L T ol AR 2R IR XK. K o BESLXT R T K
v. B w =0, B FHH

= v 1/2 > =ury—i —~T — F(]./'U)
A_Q(E) /0 (1—e7 ) Y% dT_aul/Ql"(l/2+1/v) (11-81)

VIR E)=3v/4. XHYTE#EH TR (11-37) FEENIERTFREL. T KL
v, TLIBE & o7, TR A=a(v/n)2. K a <581 w=0~H, X (11-80) ®A
W/, BRAE v =0; FTAX T o (2B X E, w=0 WEEAREA KRN E
. BARA X gk, X (11-81) B9 45 RAR X AT 28, IF HAH S8, X F o > 6,
HEMYE KW v BEARBEEWN, TRIFEAR (Ho>4amt, REIETHZ—)

= 77 1Y:
a(%)l/z (1+ 21n2). (11-82)

v

SR, 36 % M 5L (Frohlich) 8 o = 6 A A E LR E— N E A A, F
FRATHEAE B9 J5 ¥ 0T LA X A . b, AT RE w RETE.

ERATLXT N o Tl w REFERF R (11-80). Y v 5 w LA
SHBHAD. FTLRANE v= (14w, HI& e B/, FER (11-75) PHEBE
PREBIT. X4

A

A=a«

i d
{1 - 6/0 77321 — e“‘”)e”wnfﬂ +oe (11-83)

gle

XA Ky
A=a+ael - P),
Hrp
P = (2/w)[(1 +w)'/? —1]. (11-84)
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= (11-80) B4 ) AR AE X F AL F2 BE T, X LT3R R =0A /b

Ey = zwez —a—ae(l —P) (11-85)
pINaL
= ga(l——P;)‘ (11-86)
3w
R BB e 2/, BT UL B SR /N € BUSE. T4 B A RE B 2
Ey=— —M. (11-87)
3w

Hit, EEZXFF/N o, RITOFEBA H—MBIE. 4 w =3 8, E&/, HE
i ) .
Bo= mo— e = =iy = 1,93 (1—0) . (11-88)
BT w MEEA R B, 24 w=18, X 1.23 (LFFEH 0.98. ZEHREE
37 (Pines)® () 77 ¥ 45 H 3 1002 3X — B BORS 6 45 3R (11-88). M (Haga)® 24K
PR B AT ) I, fiE B, (o/10)% T AR B R B0 %2 1.26, F I, X T
/N o, AT ZE 73 25 0 205 1.
a IR KRB AR ERITN F Ko, EMERNMNEERN, o FEET L1 BAR
v w, FTELTE—SE M, & (11-75) R AR (11-81), FfiTaT LU A 2
Wit ZED w/o <1, B8R 11-75) RS RBUBIF, /] LIEFEH w B X
— AL ST, g eV, HX A K15 5
Eo=§w—a(2)l/2 (1+2ln2—“’2>. (11-89)
T

4 v v ZJ—

FER vERT, % w=1Tv=(4a?/97) — (4In2 — 1) &, EX HH/N. FRE
fr#ks©

2

Eo= -2 _3In2— 2 = _0.1061a% — 2.829 (11-90)
3n 4

XA ELMEAR E B LR, #E AR E—LEE] 1/02 B i 50 ] fE 2 1E /.
FEXAN T BB AE b, #F /R (Schultz)® 58 BT 7 40 fBUE TAE. %
FIHEM, FREMN n MREH o HIHE T E B/ v F1w B1E. itk

@ T.-D. Lee #l D. Pines, Interaction of a Nonrelativistic Particle with a Scalar Field with
Application to Slow Electrons in Polar Crystals, Phys. Rev., vol. 92, pp. 883-889, 1953.

@ E. Haga, X F Slow Electrons in a Polar Crystal () #Fi8, Prog. Theoret. Phys. (Kyoto),
vol. 11, pp. 449-460, 1954.

® S. 1. Pekar fEMR AL F Fit (Zh. Eksperim. i Teor. Fiz., vol. 19, pp. 796-806, 1949) H1
EZUE, Y o K, By # 1 T —0.1088a2.

@ T. D. Schultz, Slow Electrons in Polar Crystals: Self-Energy, Mass, and Mobility, Phys.
Rev., vol. 116, pp. 526-543, 1959.
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1T By, JHRE 5 54 n AN BRI T AR B A E BT T B BLAKYE, (b2
% (Low) Fl R R ET (Eup)®, R K RHT (Eip)@, B 1 (Gross) (E,)@, 1
F (Pekar)®, 16 & B K (Bogoliubov)® il & ML #i £ K (Tyablikov)® (Epe)
(I T E B

L1 RS T MR o o R w BILER, A B T 1 0 A i
(By) 5 H M H0 36 S th AB T 10 bLAR, 3R A 4F /R KA SO ZE R, BB
w Al B EBAET 1 R, M TR o f, By (08T HAbAR R 59 58 B (H.

* 111

a 3.00 5.00 7.00 9.00 11.00

v 3.44 4.02 5.81 9.85 15.5

w 2.55 2.13 1.60 1.28 1.15
Ey -3.1333 -5.4401 -8.1127 ~11.486 -15.710
Eup ~3.0000 ~5.0000 ~7.0000 -9.000

Ey, -3.10 -5.30 ~7.58 -9.95 -12.41
E, -3.09 -5.24 -7.43 -9.65 ~11.88
Epbt —6.83 -10.31 -14.7

@ T. -D. Lee, F. E. Low, and D. Pines, The Motion of Slow Electrons in a Polar Crystal.
Phys. Rev., vol. 90, pp. 297-302, 1953.

@ [A] F.

® E. P. Gross, Small Oscillation Theory of the Interaction of a Particle and Scalar Field,
Phys. Rev., vol. 100, pp. 1571-1578, 1955.

@ S. L. Pekar, “Untersuchungen iiber die Elektronentheorie der Kristalle,” Akademie-Verlag,
Berlin, 1954.

(® N. N. Bogoliubov, On a New Form of the Adiabatic Theory of Disturbances in the
Problem of Interaction of Particles with a Quantum Field, Ukrainskii Matematicheskii Zhurnal,
vol. 2, no. 2, pp. 3-24, 1950.

® S. V. Tyablikov, An Adiabatic Form of Excitation Theory in the Problem of Exchange
Effects of a Particle with the Quantum Field, Zh. Eksperim. i Teor. Fiz., vol. 21, pp. 377388,
1951.



E+_-=
B LB ZE By H b o] &

FERTLEE T, AT L F B W6 AR o4 — g F 2 h e, %
Py B TR R i, I (] R — e R m) AL R AT1A B R L AT T &t
F1 2R ey, Horh gt S R BB R R R R AR AR R
ML & X A Bt — e R R g, KhRERS k& H
7 RRI=R O AAER

AEE ) BRI LAS X PR R (] B, BT A EERATIR
W AR B A A BB N B 28 AR SR [ (12-1 7Y —12-6 1Y), XS S ETm
¢ oy AN TR, AL R AR R H N H T B F 2. K, RAT R AL TR BE W
T W B F 2 B R (12-7 5 —12-10 7). X —E N, BATA AT fE
T A1 Ak 2 i 2 Py 2. FRATTA AN A — S ) AR, G o] RE 42 Hh KR S fm) R, AT /S
KR S BRBAR B4 O TR I — 22 R .

BAERSNEE AN AN R RN E, FHEHAKERS Y
Ab 7 #% A2 SR R B SR IC 5. O T TR IE A X — s, FRATT N — s 1 A A R B
SO FEMEMIFG BB S ERESETE

12-1 BB Bk

TEAR, FATH I8 A — A B A A A M R A () R R AT Ak P — R E
JE, Horb— & 50 B S O 7 BE AL 20 B, 604, 5287 R AT BRI 88 1, 3
v B R DX T b BRATGE, BT AERENLAT 209 T, (B R AR K

(@ Harold Cramér, “Mathematical Methods of Statistics,” Princeton University Press, Prince-

ton, N. J., 1951. & {i1 2% FH i & HE B0 40 F .
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FIEFE] T P, FRATHIEEMEE R 7= T MRF. BATE B, p BB oK.

LR AEAT o] SE BRI B, Fric B HEFR AL F n —IRASEF TN

BOEJRIRATAT A B EEAR R X4 B 15 R T HO2 m B, AE — B[R] P05 E

FEERL T8 n WAERIE Z /07 B I A 45

o

n nlexp(—n) (12-1)

75 —7J7 T, AT AT LASE Hh 55 — S SR [a] 2. il an, FRATT AT LAA]: DR 1 —

YA 7 B R — YA o 0 B[R] ] A 1A AE T R A TR ¢ MR AR R /b PR

b, X E 3 R O =R A R) 8 B AA E  BRSE. an SR FRATT a) ) 2 s (] ) B 45

BRT ¢ MR AT USAINMER [ER exp(—ut)], BIFRATATLLEZ KT ¢

¥ B — 5 X 8] P Y () R GXORE, SR FRATTOC O AR RE e (E, IR AT A4

— JCBR/INDRJR], F 4 s [R) A B (] A B 9 B ¢ R B de DX ] 2 A B AR (TG BR /1)
AT XPERALE

P(t)dt = pexp(—put)dt. (12-2)

TRBAVES THS RN RS M MR Pt) RERST ¢ 8
B J) X[ B A 2. AR AR B o T & B X (6] dz PEIHER R P(2)de, R4 TR
i3t = IEHR A E R P(z). 5% HET BB &, I = My B0 1
MARSK P(z,y)dedy. H& R, fE oy FHAO X R ALK, T8  fly i

?ﬁ%%ﬁ]/F(r,y)dxdy .
R

T fT175 S — M B M o R L % J oA i (0 4 7, T
L g A 4 0 505, B ] 722 i B 05 B, ] L)
1250 o A 78 L BT — B < (R /b7 L, L I
A BEL R B RS S AR, BB TE IR BRSO o AR R TR A HE R AR 2
R S TR, Rl 1T I A

AT TARTRIETE. WER R () WHEREZE Pf()]. B2
Tl AN DR, (0% B f1T5 X T S 5 28 00 IS B2 5 5 3 o 3 A
HR 2 0 [l /8 A A 2 . g A% b 1 B o o 250 18] A 18] 5902 7E X (6] de o8 3% 3 B
(][] s i ME R 2 /07 PR B AE FR AT 00 Z): AE B 22 % 20 52 21 PR A HE 2K R
Mrh 5 TS 56 OO MR 7 I, — K 28 7 ] % F 0 2 BRI ] i
A o AT b 2 60, MEC e H 3 2 B R 7 2 B 2 T
SRk A, T AT 7625 A hERE) £(t) MBERIE 207 Tl &S s
ey izl

JRAOIOY (12-3)



12-2 $ i & & . 255 -

HAo B rm &k A ETA REL

Spr b, XAERERATUBER I EILN AR RO REBEEM. W
RIS, WL B ¢y, to, - F(E T[] 43 B AL A B (IEFATES —
Sk — R E AR BLUAr BT BT R AR AE), AR 4, TE X LR 8 B 21 Y eR A(E
Ft), f(t2),- - = fi, fo,-- SEZRSHRPYOZELEMY. TEUE IR E
2k M HE R T R — HAFEE f1, fo, - X dfy,df,--- PEIBER, 1
P(f1, f2,---)dfrdfa---.

Q1 A 3 A R AT BBOR B, 4> S % et e ) B 8 E AR R TG BR K, IR A TR AT &
B3, ELEML (1) EXE Df(E) PR AKX (12-3) B E 5 iR R
B AT UL JLS BT BT A LE 2 33X o AR 304 A I F A R 3T R

12-2  FF1E R E

24 25 SR FH 1 % A58 MR AR 0 R P G A5 St 1) A R AR AR R R [ B 2K HE R AT A
. AiFZ8E (Flan-FaE) 2ERA A e, HEw s B A BB EKN R
HIBER A, T PR E R n KBERRE P, B FHER

an'” = T7: (12-4)
n=1
Xf F 3% BE 43 A AR B, B AR AL
/00 zP(z)dz =7, (12-5)

BRI, Z 8 QLf ()] W FHET N

/ QU (t)IPLF (DS (1)
/Pvmwﬂﬂ

=(Q)- (12-6)

£ Lk fe s — X P, BREFLED —HF, RINNELESFPE H—1
BAERUY, RN A C, ROV R WIS T — kR FEN E, # LR
oA R B AR ALY, S EET 1, AR T — b5 8. R, i 25
P 155 0, B 7 (8 B4 0 1 R Lk B BOR 2238 1A — f i 2 B, i 2 3 A S 20 B
£ EEARE S — L PR TR E M E T

IEAR BRERHF H{E AT LU B R BUHE B Rom —H, B R e %) (b
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nt = a) B BE BT LB S KRR, B
[r@rri@ps

(12-7)
/PU@Wﬂw

([f(@)?) =

B E AR — TR EZ .
BREZEMNRBEHEZ — BAKX (12-5) FritBmY] & exp(ikz) BIFH
{6, Pk R R eR %Y, B2

¢(k) = (exp(ikz))
= / exp(ikz) P(z)dz. (12-8)

A i AR R s B A R EAE R P(z) B8 B AR R e xR A
At FRAE & — N FE 50 A R R %, O HIE T ERAE T RGE T AR R EUA &
EATZ B X AR ESE A AT B R

1

Plz)= o /_ " exp(—ikz)p(k)dk. (12-9)

i A 33 AR Ml 4R IE oR BBOR AS E R 4 A pR AL
IPURFAE BR80T AR 2 43 A R B B S S il = i9F¥(E
_ do(k)
(x) P Y
WREZ U, ¥ (12-8) PN k A4 k=0 B0, HEL L, FE—F
F1 % & =

&
(12-10)

$(0) =1,¢'(0) = i(z), ¢"(0)=—(2?)---. (12-11)

AR, T — R SRR R B S HE )T BNZ R A R . Ak [E] )

F AT A4 5 A ) 1] R AR, 3R AT AT LA g ST X R ARRAE BR R B e . AR S TR

FIAEHE T explik f1) x exp(iafa) -+ e 52 1 A A A5 B B 105 35 5 4 0 14 B2 -7
. FRATA Bt ] ] B A5 F IO PR K, b iR A% 4 i AR AR

exp [i / k(t) f(t)dt] .

SR, BRI N T RS S &, 1A R E M IR E . R L
(12-6), Fefi175 %)

[exe i [ krsrae] Prrors)

Hlk(t)] =
[ Pr@ipso

(12-12)
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XANFFAEZ R — S R AR R R B, 0(0) = 1, FERFRERZ ¢t = a 3T
R R (1) O ER

(12-13)

)
(f(a)) = 5k( ] P[k(t)] o
Hrp®RAIE &M T 7-2 iRz kR FHA.
JEU b Al DA B4R B R A 30 e B o AR e, 3 HL IR Z BB R

P[f(t)] = / exp [—i / k(t) f(t)dt] B[k ()| Dk (t), (12-14)

AR, BUAE AR RO E & R 25 () oh BEA T

T LA il R0 5 2, FRATT AT LAHE M, AR eR B f(t) AR E WY, TR U
B R B E R F (), BIBR T f(t) = F(¢), X HAl—] f(t) #A P[f(t)] =0,
B A X AL o B

B[k (1)] = exp [i / k(t)F(t)dtJ . (12-15)
12-3 MgE

AR L 2 M B 28 MR &S B T — AN 3R 9 61, F EL7E ot A o
PR LA BEE. 1R BRATTE B — M I, H o JAT 1 53 ol ik e, 3 2 Bk
o R A R T AR ol A T AR b A A, A R e L e A AR P i e
TE X L0455 B0 v, X B0 Jik i A B R RE B 0 B R I (5 5, T R AR R HL R A9 b
THAUT B [N, 4 o0 5 s — A K e R IR R 4 S B e S AL AR, X
AEZRM, X T — AN ¢ = 0 R ZURAE BBk nb, B BA g(t) TR, X RE, 25 Bk b e
to B 220 A, WU e s ith R BB AR B R g(t — to).

BAE, e FATIAE — Bemt (8] T 9 A7 THE0SE 50, 76 3 1], ~¢5MY¢B§FF'

MTE byt e ot R0 B ARSI (9 52 6 el A b iod R R Eth t5)

Bl I ATRIGE , ST A S5 BT, 28 oR B0, ?ﬁ%ﬁﬁ%#ﬂ@i&%ﬁ it LA
N (12-15), #H R (9 45 1E pR B A% 1Y,

D[k(t)] = exp {i i/k(t}g(t -~ tj)dt} . (12-16)
j=1

1R B A B R AT 3T B0 A, A2 PR AT S50 22 AT+ 3 el 40 7 4 S i i o AR
HRESR. e MBI T, BT AL VF LA 35 4 LA 35 50 W 2 7 % A BF Ji] [ B8 19 B L 4
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Fi. BU—A~ S5 {78 6 8] (B] BR e P9 & A8 MIRESR R dt/T. 76 G O R RPAIE o B AR

52
D[k(t ]—/ / / exp{IZ/k(t }dtld;2,‘-d%
_ ( /0 lfk(t+s>g(t>dt‘;f> , (12-17)

FATEFE S PRI RERICH A, BEANEERE R A"

A0 SRAE RS (8] [6] B PN o 28 38R B B0 H LU O S A, DUECRT RTIA #A 4
A, BPAE A FF R A AR 5 AR 380 2 A B I (8] 5, O HL R A 8 ke
B, el A R N R AR R R B BEE, TRAER BRI T AR
FRAEB N uT =n. FFEREZ

d[k(t)] = ZA”Z—Te—’ﬁ. (12-18)
I A 0 B R AR R ) R T K, TR X MR BB BT B A

O[k(t)] = exp[—(1 — A)7]

uT(l—/OTexp{ /kt+s (t)dt} ‘;f)]
— exp [—u/OT (1—exp {i/k(t+s)g(t)dt}) dsJ . (12-19)

XA, AT AT LU RE V2 A [R5 T2 B 47 AE BR B T T R AT 4K S8 7E 45 Fh T
FMHTHXAER.
FATBAR, Bk vh ARG AR 55, 175 f5 A (6] W] S0 45 A Jok e B 0 AR A AR K. FE M

W, g(t) /MR, T2 a1 3T exp [i / Kt + s)g(t)dtJ R R 8, I Ll
L9545 G B R DL

T T
e [m /0 /O k(t+s)g(t)dtds}

= exp l:iuG /OT k(t)dt] ; (12-20)

= exp

ﬁ$ﬁmaﬁﬁmTﬁﬁG=/dmmE%%W%Eﬂﬁ%%ﬁ¢WME
£ (12-15) WIE R, 3 H F(t) = uG (—5 t TRMEH). XZEFU, f(t) —
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E R pG, B AE U, MR R f(t) = pG RIBESR 2 1, T %2 B H L AE f]

F(t) MHERER T, Xl R, K EHER A /N = A — A JLF R B EL I

JE, HAH % TR R0k s B p e LA A Bk o B R (B9 F W R G R i, 3RATT R

A5 B — AN B B, DA T B 5T K A 3B A T R I A R, BRI 2 Ak
X (12-20) B#ARR (12-19) BFEE KR FEH

exp [i/k(t + s)g(t)dt]
B — B il BAE R FATR BT — B, 4% — o, B
M ’ / / _
—5//k(t)g(t+s)dtfk(t )g(t' + s)dt'ds. (12-21)
AR XA RIK K, BATE X —1~ k%
A7) = /g(t)g(t+r)dt, (12-22)

EERETHNHBKPEAES. B (12-22) 1A, ZHrm 4 A
N Mt — Ve .
: /0 /0 k(E)k(E)A(E — )dtdt’. (12-23)

B — By U B AR A RO, AREIZ R R

B[k(t)] = oG [ k(t)dt o —(u/2) [[ k()k(t')A(t—t")dtdt’ (12-24)

MR R SRS — N F 2 BOF 0, AR AT 8 A R Bk v, AT LARR O
PRI, GRS R, FRATAT AR f(¢) B DR T S 253X AN IO, ThDAR TR R D T L 4R

BT BRATER LIRS £() BB T EHE T exp [i / k:(t)F(t)dt]

(B4 f(t) = F(t) + f'(t), BOFEE £/(t) BIRBER A0 FE M AR AE1Z 6R). QR R4
XRESUE T IR AR, AR AR ATTEE B 53 e 1R 7E B 30 0 B 0T 60 K 9%

XEESENI (12-24) A —NHEHMEM, EFEFEHT. —8K A7) 2
T BIZE R KRB AR g(¢) B9 LF . T REA — & W55 5, B LUE A Bk b 22 i)
BT B B AR R, MK E A EASETE A3, Y - B RE, A(r) R
BITT%F. FRHEER, 4 M) BaAE, X (12-24) A 0] LU LK

exp{—g / [k(t)]zdt}, (12 25)
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b R AT B 22 A B g = u/m Ar)dr. b3t T AR A A

Pls@) =exp {505 [lr0Par}. (12-26)

BRIANTX LT R 69— KB W HR I BRHRS.

AR RAEE IR B E P, AMTE LT IZHF50 T fli ik M 75 ok 49 93 1 12 8K B
Frfk. DR EH RH TIRF A — 2088 EATT T — 19 RATH #1738
OLRR It o T 9 R AT 4k B o S R S

BAEH 4 H— 1, DM — AR, B RFIEZ . BATE E—
S ik o, EAT B A B 20 BEAL 89, OF B 2# B A R E M AR, iR u(t),
HEENIK A AE M EE, TRE—-DBREMKMTEN aut). BIIATE
B a ATIE AT S0, OB, BRAE FRATIBCRE ok v e ] i 56 4 Bl WL (6 G ) B 220 ¢, JF EL
o FEREAL BUE (S AME a;. 15 5 9 SR BO2

ft) = Z aju(t —t;). (12-27)

WMARFATE AR EFMH VLR, RIOIEE B — NS0 TR (12-16) WERE
1Z PR

®[k(t)] = exp [izn:aj / k(t)u(t —tj)dtJ : (12-28)
j=1

LR, 045 T 135 0 I o 6 B O BMLRE R, R ELIRAE AWk o 348 45 5 7
BE a; 76X da; o EOMERITH pla;)day, 6 4 B AE 5 28 R

B[k(t)] = //---exp [iZaj/k(t)u(t—tj)dt}

-p(ay)daip(az)das - - - p(a,)day,. (12-29)

IR, KT/ ay fH, X SEHE 5 ok B0h AR LY — N85 HORRAE s B (BD 3 &
AR ) R WX R B W, I LB R

Ww] = /—00 exp(iwa)p(a)da. (12-30)
TR o RAEXTEH
®[k(t)] HW [/k(t (t=1; )dt} . (12-31)
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BAEFAT AT LMRAEHE T30 (12-17) W BT A IR AR 4k 52 T %, FF5IA Tk #E
A& Bk A AR BRI R BE LA AT B9, A —FE 0 <t < T BB X E K5
AT BRI B A TR ATTABUE 83X B E] P9 HERR M n SRR el DR AE 28R A

O[k(t)] = (w)n (12-32)
Hrp
k(D) = / W { / k(t)ult —s)dt] s (12-33)

R T N (12-18) B ARAE, FRATT R IR ik b & A= et 18] 4 20 A 3 4 10 #
AR E. R4 AT SR ER R (12-32) M FE KT LIE T 7" exp(—7) /n!,
LRI —#E, Hp n= uT REHE) R T ol 398 & 4B 4% T2 n sk
i, 4

O[k(t)] = exp[—pu(T — y[k(t)])]

— (-u/ {1 —w Uk(t)u(t - s)dt] } ds) L (1234

YN BEAE SR — DB, FATBBERK wh BB AR 0 45, 52 b, BRATRM
SETT L 6 of PR o Bk JE IR R BB A, BP w(t) = o(¢). T R4S Rl

D[k(t)] = exp (—,u/{l - W[k(s)]}ds) . (12-35)

T =2, FATB B B A 2 R B, IR E, FRRAE N o Bobli
i, 2 T4 H B0l A

1 a?
p(a)da = T P (—ﬁ) da. (12-36)
TEMIE OL T, FRIE BB W (w) 45 B8
2
Ww] = exp (— %wz) , (12-37)
M @ M55H =
P[k(t)] = exp [—,u/ (1 — exp {—%Q[k(s)]z}) ds} ) (12-38)

T, AT =W R B, o7 LU 8 A AR A E B9 F5 02 5 B[k (2)).
FEFXAE T BT AT — 25, JEE 2900 B W Y A4 30 A8 AT LA S B, 72 R
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NIl R B 1 v e, ANBY 5 BARME o XF N T 5515 5. [5] B a0 SR A 5 — A (8] &) &
FAME B AR BOFA /S, IB4AX (12-38) AT LA+ 43 4 Hu il oLk

?[k(t)] = exp {—"7‘72 /[k(t)]zdt} . (12-39)

1R XFE R A A 7R e s
12-4 SHrES

TEVFZE 00T #R4 th BUIL R R VZ oR R 5 0T B 9 — 2K 40 A, X W AR i
wZ.

BiTe 4283 & AR5, IR ERBOE F s E. LA
1B 5 Bl AL ok 2 I A 43 A, B UGS | 3 0T R B S AR, AT A5 25X Fh v i
PR, R Gk, A RAESTE Y, bR b, — Sy B B RE eI E RG 2
WA, TERREAEE RS, EX @ EH) 4HES T —SYHHRE, X
ERALGE T KERYLE B M F 4R X EEREE IO PO R
ZE HE (central-limit theorem) M4 8. [A A 45 18 E F T 2 A3 2 oK, AT o] 75
TRHFL: MRYEALNEGHFZEEBTREAE G H6. 8T #—£11i8,
FATHE X LB B — e 2 B9 = B R AR 72 BB S B

@[k:(t)] — ol SR F(1)dt ,—(1/2) [ k(t)k(t’)A(t,t’)dtdt" (12-40)

KR P 5 — AN B F AT LUE B8 () MR s R B, IEAR R
A7 7F HE 5 LU0 100 B AT B R K 98 9 0 A BRI B0 BRRE. TR BT LLE X
"= f—F(t). FEIRMES S, 0RIRATT R 09 R 500 55 iR 48 5
Tk, I AERET A, t) BDREFERL A —t).
TESC PR BRE TE B, 3X A HR0R A s B0 A AT LA 3 — /N BE ST 0K 10 Y 4L 38
He 0 1, AT RERE — BB AE LA — b o 2 U A8, a3k BB S A SR AR 2K
THATHTHEFE 0 5 BB FERTHEZA S WSS B b, RINELH T
PO RLE — A B F. Horp A, t) = ph(t —t). 75 LR BRI IE o, 8 x4 |
B SR G PER A ERIS I — R, REAFEIZ R o o] LA Y — vkl
i = W A (12-40) ST
AR, B TERT & B B, RATE & %% 7 A8 24 Z 0 (6] LA 4 Fh 7 352 F i 0
Z ek, B AR BLTE, ATE MBI BT T, EXFAERE S, i #9H3
AR TR F 2P HEE. CERE, BEAET 74 b RSH, EXILE

@ [ HT I p. 253 MH7ERE.
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SRR, R, X LA T BT B RIS, RN BN R A L g,
F b TR SR AT YT R A X 25 ) A
FARE T4 1E7Z BR (12-40) B HE 2R 2 A J2

Pls) = e {3 (10 - FOIE) - FOIBG.Oaar ), (2-a1)
PAEX LB RS B(t,t') 25 A, t") &R R AMBRXARE
/ Alt, ) Br, 8)dr = 8(t — 8). (12-42)

B 12—-1 WFERA ER.

ISR -E BB Tk, IWERIEZ ok A LATHE XA A i 2 S5
BLTE, T AR 506 40 b T 53 15 I 1] I 5 Y 1o S0 R 7 ) R S iy 3 AR v, DR
TTZZ B 55 1) o0 A B PR 32 BRI R

k()] = exp [——// k(t)A(t t’)dtdt’]. (12-43)

BRI A(T) FRORBR R E. X (12-43) IR E, WE B4 E A R f(t) B
R
P[f(t)] = exp [-% //f(t)f(t')B(t - t')dtdt'] . (12-44)

B AE b3 T B B B R B B A 9. JRED /A(t—s)~B(s)ds — (),
BE U, AR
Pw) = /A(T) exp(iwT)dr (12-45)

& A(T) MR 2R W B(r) (MR MHEHRE 1/PW).

FATHE IS A 404 R — S ME R IR 4R FRATTSGIE, S S
M- HEETE XEEN, BRIER (12-13) th—FF, M7 5K 30 7E 55 1 Z)
t=a MFHEE

(f(a)) = —i%. (12-46)

T FRIR A, 20 (12-43) FHZ R ¢ WS BB TRAE BFYW 7-2):
6k [ / k(£)A(t —a)dt] (12-47)

A0SR X R AE BR R k() = 0 SRE M MH, R4 B A %
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HR, AT R R BOE 1, s — A, TR Z] o A D
f0 P 1 IR 7 R BT R A 0 LM, FR M MRS G SR R B AR (12-12) BRIL RS
MK, 18

—52

(f(a)f(b)) = W

=A(b—a)d — Uk(t)A(t - a)dt] [/k(t’)A(t' —b)dtJ @

(12-48)
AR XT R EL k(t) = 0 SRAH, B2 A —a). XHEEE A 0 HOETK R %5 .
12-5 MREE
W 7 o3 A e A FH B e PR IR S Y D R (2 R 6-26), B8 S R E
BRS04 16 L 2 - 7 44, B
¢(w)=/f(t)exp(iwt)dt (12-49)
)5 e BT ARG M5 5, ATl AT BB
(|o(w)]?) </f (a) exp 1wa)da,/f ) exp( 1wb)db>

/ / (b)) expliw(a — b)]dadb

- //A — a) expliw(a — b)|dadb
:/P(w)da. (12-50)

HPEMNECEEHTHRE Pw), BREXBKE A MEEHZHR [B2EFRX (12—
45)].

IR EATZE A (12-50) e Ja — B E BB, YRESFELER N T
PR, bk, FRATT B 78 £ 1 3 o 0 7 2940 B %ok 3 A BR st e (] B A4 s . T AR
B A et (6] (6] B, AR A B AT AT LA, R o 2

B [p(w))* = Pw). (12-51)

FRATT AT X L — 255 SR v () B 63840 7 FH T30 22 /0N Bk o 2 | A MR 75 1
B, Bl B rh G G BR s O R (12-22) 3L pA(r), BD

A = p / 9(®)g(t + 7)dr. (12-52)
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XMW E, RR (Fh LRI RIS, EoE R B E LK) 2
Pw) = u/g(t)g(t + 7) exp(iwr)d7dt = ply(w)|?, (12-53)

Horb y(w) JERK b eR B g(t) o8 B AR . FRATT AT LB 4 gt R A ] R ) 3K
AR IT. AR BK b FE R 2 ¢ B, BRA f(t) = Zg(t—ti), HAg s

R R p(w Z’y w) exp(iwt;). XFE, o(w) W BERN

(lpw)?) = <Z]7 w)|? expliw(ti — t; )]> (12-54)

(B2, AR Z ¢ RBEVLEY, 3 H i £ BES t; K, T2 expliw(t: —t;)] B
FEEETE UL i OMEBEHET, REF i =5 M. 5 -T2
[v(w)|?, I HEMIA uT T Wit (¢w)]? HEFHER ulyw)?

FERFERAE OL R, 4 AE R B0AT LAl 2 (12-25) 4 1 MR A 45 i Sf A0, LG e R
WAL —t) =6t —t) LA—DHH XERE, Pw) 5w XX, EHEHE
Kb g B AL AR AR X R ) “Th 3 (AP |p(w)|? T3] A E.

MR, REGHEMESA f(t), MREEAHHEETERRK ¢w), I H
A k(t) %5 HAFAEZ 6B, T2 A A B A K(w)

K(w) = / k(t) exp(—iwt)dt (12-55)

BB 2, B ATTT LA H 77 {68 4 R 5 4 4 A 6 P K 2 R B, X TR (12-43) M
PO FRAEYZ oA [E SR (12-55) M AR He AR AR (12-43))

& =-exp [—% / |K(w)]2P(w)3—:] . (12-56)
Xt F X (12-26) FHEHRZ ok 2
P = exp [ / I‘;’,(Z:))Iz ‘;‘:] (12-57)
HATAT LA T 7 e W Al MR (12-56) #EH X (12-57) IG5 R. &
exp [i / k() f(t)dtJ R [ / K*( w)ﬁ] (12-58)

Hii (12-14) & H
P= / P exp [—i/K*(w)qﬁ(w)j—:] DK (w). (12-59)
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BLAEWR IR AT SR w i ] REE 2 B i 9, H 43 JF 09 18] & R JE FR /D 2m4, R 24
£ (12-56) FI=X (12-57) WSl AR S MRE, RS Z

r= 1:[ / = [‘?'K (W)*Pw) — 14K *(w)cb(w)] dK(W).  (12-60)

B~ w EHEB AT LU U (R BCOT ), 15

——|¢ )P

—w (12-61)

P= Hexp

Ttk — G HEIX (12-57). B, E— TR RAENFSERBINARL K
HEWFETLX, MEME w bWESRE o(w) REEE LA, ERFEYFEFIE
T Pw).

12-6 T BAIE T

— FBeOR b, %A B B SE G B T il R HL A U5 v S T R AR D 9 [ L. R A
b, AR SR — ) B BBERE TERERIHOANTS KA, Y E
E e3[R AR, & B ek X B9 T2 2U A2 B AR 17 B T B

il n, 145 iz sh Bt o, AT LAA — DR RS, i, —Ad ok
71 f(t) B R W iR . IR TR REET 1, RAITL A E R

&(t) + ya(t) + wiz(t) = f(2), (12-62)

Hor z(t) 2R F A bR, G0 SRRHiE R f(¢), T 5 mE MRS Prf(t)],
LSRN 2(t) BAER AT Polz(t)] W7 H (12-62) ¥ = 5 f BERER
T BOXRLFE—A f(6) B —1 2(t). B, AE o MRS f 098K
[Al, 8,

Pe[z(t)]Dx(t) = Pr[f(1)]Df(t), (12-63)

Hrb o(t) @ (12-62) 5 f(t) AKX — MR, RATLIIER /N b EE ST
Dz(t) 5 Df(t) ZEIM K FR. HAEHRMYT KB T2 E MR BT R7E
TE, (HEY f(t) 5 z(t) REMXR (W0 LmIBEE) i, XA “REATHR B—
B TR, 50 PE1T B B4 B BT A AR AR, T SR AT 15 B KRB —
REATESE, BARKRITE

Pr[z(t)] = W E Prli(t) + yi(t) + wpa(t)], (12-64)
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EHH—MERM F P RELEK, W Pt el LU £ 07 ik
) FB, £ B S 0 2 A B R B, R W Ry AT TG

JCie andal v] LA 5 2 e, (12434) VEh tH & 55T LA A Bl 30 40
WEA] ROV EE—DEROH T — MU TSP e, T EEZF
Zoit, Ho A — /N B B A RO, R T 25, BRI A (LE R A
HELMBIER) D MBI EmEEM 0 7 in iz sh MR Z K7 [WHE (12-1).)

-—bﬂ-——-

Fi21 —MREFEEAFFET MYEA L B TSRS KEEFZ M EE
H, il R E ¢ CFATTREsh 7 mill i) 25, EREERLE (EKRK) 2. &5, ©
TEBE O R (MR AL, € L% itk 5 B D b M A v i 3k, JF BAE 5 HRGE 35 7 1]
B 6 )7 ) L2 B

AR E, AHEAE A2 51 RRF 199\ 1 38 BE B4 ] 0l & 31 i 38 2%, 3F kL
F PSR WY R S 0, R BGR, 0 B /NRY, KT 032 Bl R K B R T Y
S5 IR, B — YRRl B R K. FRATTRGR, AE S /N dt Py R R A0 3 7 v 8O R:
pdt, T B RRE R TR AR A, BRSO p(A)dA BE. BERE,
XPNHERPAFH AT HEHTREA H:

/ A%p(A)dA = o2, (12-65)

HEHRERMNTEERRE po® = R.

AT R T HEESA 4Vl (912 8h, M4 & 7k 7 R SR B B2,
e -5t 5 B 7 10 N (932 3 & 8 LA RUBLI, 3 B AT LA R A4S 1 A B9 32 3h
HATCR. K ¢t EREHYT A WEE, H 0 RRERNTT % ENTEEANE
BB 7 ), oz B EORF IR B RS S MR E K AL 4 B, fn & 12-1 By
AN XESHZ B KRR de=6dt, B & = 6.

Bt 0 RARMEL, F- 0= f(t), X f(t) B —4IBEVLEFE B & K
B, RABEYLA . XBERE 2(t) = f(t), 3B Prf(1)] BIFRAEIE 5B 2

Blk(t)] = exp (—u / {1- W[k(s)]}ds) , (12-66)
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Hrp
Wiw] = / p(A) expliwA)dA. (12-67)

HE Ok A NEFYERS, BEREREASR/N. AENREI Gu) =
exp(iwA),

Ww] = /p(A) (1 +iwA — ”—2A2 + - ) da, (12-68)

HHEGEH A MBI, 58 W =1-w?e?/2, BALE

®[k(t)] = exp (—%R / [k(s)]2d5> : (12-69)
X X e A
Ps[f(t)] = exp (——/[f t)] 2dt) (12-70)
)l
Al 1 g s (1\12
P, lz(t)] = mﬁexp{—ﬁ/o [Z(2))] dt}. (12-71)

AT K RS0 p(D, 0), TE BB F 3 A B BT 86 214 8 2(0) = 0
M £(0) =0 WHTH T, P(D,0) S/ MR FHENMNE D A, LR A 6 s 35h
MR BAOTAZEBR FEYHREN B BE, MREEE 2(T) =
(T) = 0 ZcAF T H BLATRL . XA, FRATTHE 330 M 2 4 A i X 4 350 B 12 1 AL 40
eV

P(D 0):/ex _ L T:iQ(t)dt Dz(t) (12-72)
? p 2R 0 ’
o BB AR A B AR R i AR . R 3-5 MO Bk AT LS a4
Bl A R R, JF HAE TR AR e — R (E:

di4

e 75 A 4 R AT T MR 5 Y 30 R AR B i R

=<1, (12-73)

t\?2 £\?
z(t) = (3D — 4T) (Eﬁ) + (8T — 2D) (?) . (12-74)
7E3C (12-72) F8 BOR B B R B b X A B 42, A1 & B

2
= 8 (D— H—T) L (12-75)

2R J, RT3 2 2RT
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XEME, AT KW 01 2
6 or\* 62
RT3 (D B 7)  2RT

1 — S8 ST R AE Bl v, AT SEAE AT DA T R0 B FRATT BT L E B9 T A B
il R B B, (R A5 i OB B W R R B DR . 4R T A T A 40 A pR
X (12-76), B AH R HHF B () 40 A R BOR T B Y, R =8 (12-76) XHAFA D
A, HE5 R exp(—62/2RT). XIE 2T HBEK LR, FARNE 2/,
T 0 0 7 Y 0E (3% 30 B SR AR HE) 72 B0 JE BE o R, BT LAXS R F B B
T WX AMA R 2 RT.

T E AT R AR E A 0 i i sh kLT, 3F B R IR R T
B E S D BB T4 AT R RATE B, 7E D = 0T /2 AbME R A Al K
(B WN2RZER B A £ 0 LA I A R R M R B W B R A H &
JG BIME, IR 4 D = 0T/2 i & Fr 8075 0 (3 B 7 00 F, 55 W 5 1 £ 114 °F
B2 0/2.

. (12-76)

P(D,0) = ¥ % - exp

ERE 12-2 EW, R KB P(D,0)dDAo Fr 3K i 10— 4k B

I 1
WE =\ mr\ mmT (12-77)
12-7 EFH=E

FEIX— AR LAY, TATA % 5 0 2R 40 b iR & 1 7 2% R i 43t [l
BB A B R, O E A RURE, tfa A 7E H A
AP ABLE M HER. BRI Z A, 1B T AR U 2 AN E M R e vE. 4, BT Ak
HA B O IE — AR, 00T RE R HE R S — R | A —E
RIETRRE, E G R T —Fp I 288, H b A8 9 46 4 4, 2 5
A —DHIRBER D0 M. ROTC L T S 2R KB (BEBH T+
), AR RARH R A EIE, HabftE R F R REEE MR exp(—E/kT).
AR F AT A Ak B — i (1Y ] R

LTI T (1) MAMT, BATREH KB NETHERENER, H
R MBI E 0, A — RN Pf(0)Df(t), FefiTREBLLE 4 187
ITRE T ZRRA f(t) 2RI, SR )5E 1, BE A LRI BERE7E £(1) B
I Z S R P R Y B R (AT A X R, B A XA
JE, SHETIZ B A% 1 BBl A I ) A A — PSR L B S, B 38 2 IS R 4k
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HWREHEL ERAEZRZ.) AWERNTE LB X AKX KRG, RITELESET 8
ZMBhE T RGN, RS A OOk B 2 R 4, T H ok A HAME T
NFERR, FEART WA G A EH.

AR FEEARRERY, XA — s A AR ERE N BRI ATE
24 Kb R A DR R R A0 T k. R B TR D T A B R T B AR BT A E
— M2

B, AN B e R T 2 RS 545 BB sh 2 avis 3h. BN R ATH# R
&, — T REFHERENRZMBEMERR Slz@)], £ f(t) ZWmF,
A R A @

Slz(t)] = S[e()] + / 2(t) f(t)dt. (12-78)

R BAT 0] RGEAEFEAIRITZ] ¢, MOLE (1) = 2o KR, FATH %I t,
AN E o, MHER B AT B4, BREMEEN T I7 | K (b, ty; Ta, ta)[> 5K
#, & BA G B 460 RS T B eR B () SR AOS, 22502 I oR B X ()
AR B, WA o BRIEH) x AR 2

Plx(2); (@)
- ' / / X (@)K (T, t; oy ta)W(3a)dsda

- //// X" (@)X (@) K (b, th; Tay ta) K (2, to; T ta )9 (T0)Y" (2,)

2

xdzpdz,dz,dz) . (12-79)
AR, HEIRAT AT IR
K (xp, ty; Ta, ta) K*(zy, th; ), ta), (12-80)

WA= (12-79) — 2 (A BER BT AR . X (12-80) & — MR FEE T K
Loy / eSEOID(t), T — A4t H FO & / e SOy (1). AT

R AA GBS S HR (12-80) RIS, AT — A5 b i i
A LM 2 (t), I H AT IHESK (12-80) Fm A WEE B 5

/ / S-Sl Ol py (1D (8). (12-81)

© AT B 2 TAEBE RAE — AR o (ST AFEAT AT B HE S 5 JLA
AR 2 900 (— AT o), AT A BRI R fo) B RBOR R 2, T 5
TEE M ERFHEIE.
;jﬁﬁé@ FAUBE, Slz(e)] RESEH, I H 4 F A6 80 B g LABME =1, 0%+ —i%
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B ARG X 25 A Ui SR R AR BT R Z .
WRA S f(t) A, MRLZAER (12-81) A Selz(t)] B S[x(t)], MLk
F kA2

/ / SISl (O1+] () (0)dt=f ' O SO D (1D (1), (12-82)

At MAEBE N R R ESRE B AN, BRI 2B SR () MEERE
P fOIDF(E). TRETEM ¢ B x BBER, SEE XS4 f¢) i8R (12-79),
XA f(t) BOFY, BOEX B, A f(t) ARE Prlf(4)]Df(t). XHE, 15

Plx(a); () 1283
- //// X" (@) ()T (@0, @h; @, 7 )b (wa) 6" (@) dapdapdaadal,

Hr g 23 (12-82) XA f(t) #BE Pr(f(t)|Df(t) FHHER; B

J(Zb, Ty; Tar Tg) (12-84)
- /// ei{S[I(i)]—S[I'(i)]}eif[m(t)—z'(t)]f(t)dtpf[f(t)]pw(t)px’(t)'pf(t)’

HAp R REGHN M 2(ta) = 2q, 2 (ta) = 4, z(ts) = zb, T’ (t) = z, Z A BE
ATHY. SEBR b, 3R 5 16 £ i i, P B O T () A0 ) B R 38543 A X 45 Ui e
T BEFT AR 43, R J X F AR TE] 3 a5 25 AF A, LATS BATTR 35 X — %, 783
wJ TS TR, ikEECE XBEERE — A T/ERME X
FE, AT AT UUE DR W FEERSS, IHE—-IMNEBRERY, E_&ITE J
B 2675 B

X FIE, AT IE B E B X f(t) WS, IFEHFH, A TREF
¥LL G R, AT HE T 3 E R

J= / / HSEMI=SI" O @[(¢) — 2/ ()| D (t) D2’ (¢), (12-85)
He olk(t)] 2R THERSM Py MARZ &, T£
olk(t)] = [ KOO py((0)Ds(0) (12-86)

BHF, 3 (12-85) [ T BATE (8] BE: H845 8 2R T 2 LAJR BT B9 TE .
BRI EARNEBERS. SR, AR E RS — A RE, R A4 i
PR A — 28Ty ok T R A . R X, FRATT A 0 A o 488 45 e i) A B v R
k.
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VE J 0 F X (12-85) HI— B F, I f(t) =&, HOFHEAEF, X
BEERECH A(e,t), TR (12-46) P —HE. WATLAITE

i{S[z(1)]-S[2" ()]} -
J= / / (12-87)
- {—5 / / 2(t) — 2/ (B)][2(#)) — ' (£ A, t’)dtdt’} Da(t)Da/ ().

B FZAEX A E T, o M2 RE B TR, P AT R e
AR ek AT R . MR, Wn2R S[a]A B R B, XN T iERT, B4, A
T 3-5 877 AT DO A R X 4~ B Ae Lo

12-8 Rz E

RERMNAETBEBTFAEREMMR, K XA RiEh 2z, 55—
AGMEAEN, FELRICH XO. BRATEB, BMA 2T H 3t R
HEAT, AT R G X APEATAEM E B &, Bl an, AT eSO, Jﬁ%lﬂ%ﬂﬁ:ﬁ
FH 1k o v O L 0T BE AR 5 1T 5 | A & AR BRAE R e AT . RATRITE R R
T, MR B H A XA o BIE T4, M X 2484 MRER
IS —F o PR E, AR ENRAMESFE A X000 (&5 Rilks#
), T AR H B KR T A B AT &, AR, ATt AT LR BAE B 4 H
B X REF AR, Tk z e br. Flan, ZFRATED R EIT 5 F
FE, Wz A RGAER, X B ETHRRY FENER F2H8 -1
T, BRRMNEF RO BEPOEF EBRAEREF) HER WES R H
B Ko A I OL B, TR B SRR RL. BilAn, FRAT AT BBAR T A AE SR IR B e
AR (B FEE), HEATELS R ~ANA FTHRENHELXER X o
JEELFARBR, T X R bR R A B A At A AR

4 Slz(t)] REEK « WAERR; So[X(t)] & RAFHHE RSN 6 1EH &;
Sinc|z(t), X ()] RAEREG X MFXOLWEASG « ZRAEERNERR. B
B RGEERRR S[z(t)] + So[X (8)] + Sint[z(2), X (¢)], AT LA WU E f& 42 F43 31
BN KA RRAEMEGRER XIPUNEREHRSER (12-81) —4
HENHET R, HELES R

= [[[[ exeticsteto1 - st o1+ solxen - sofx o) (12-88)
+Sinel2 (), X (5] ~ Smala'(8), X (D) }De())DX ()YD/ (DX (1)

© x REALEE B B85, — B, X5 — P RETREIERE R RITKERH—1
AR X, (KR Rk B A bR R — it
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(B, R X RIOAFTENE, RTEHRS «t) KRR, B4, HANATL
LERNEAXE N

J= / / S-S0} Fz(t), ' ()| Dz (t) D (t), (12-89)

HeZ o Flz(t), 2/ (t)) RAIFR A RUIZE. © A RE x(t) 1 2'(t) BIZ R,
xF T A BAK R A, B T 4

Fla(®),' )] = 3. [ expli(SolX(0)] - Solx"(0) (12-90)
final

+Sint[T(t), X (t)] — Sine[2(2), X' (¢)]) } DX (£)DX'(2).

SRAMBERE RN X 8 FrA T RELSRA; WA X AT
W&, FRE A ASERR T RER). B, AT AL A B3 (B (12-88)
Py J RE e —E. B, ERERER T, Y RERE, ERNAFLL

final

MHEERZERRE K TEZ ¢, BATLHE X () = X'(t) = Xp, FXTTH
) Xy $343.

SR, AT AW T (12-89) R NE AR S KITIE—NREK
TEAEM AT P R, NP 8 FORIF B A — R R, sl BRI R4
. BELEETHAYS () AXAE. REECMRFSHERKIEZE F,
W) e B bW LA 58 42 A [R) 6 75 =4 1 AT BB 19 AS [R] A A B R4 (a0 A A
B). TRMAEGL « WHEFRUL, ENTEARNT X7/,

XA F A R UT 7E#& 4 8005 = 43 B9 AE B4 A R 46 o R st BT 0 R A <oh
J17. RBERATMEE WE T B = AR 8 7 (PR R B ] 9 e 8K, R ATk T LA B
iz MiEs) XERW R « Wz HES5K (12-89) KEAMML, Mk
(12-90) W3t B T+ 58 245 2 PR A ™= 4 9 1. X @ 7= A [RIRE 0 B SR (R 3R 8
BHEME. Lha b XFEMRZELH, BA F SFETHRERNESBE R, H
HIRA BT ¢ MREMSIEMFRENFEA . ELBEN TP, FREZX R F:
AL IE 7 A2 B (8] 6 £ 2 ek B, T B 038 X TR R A T RERYZ B =(t)
PR AR S8R, M THENKERE, T—M5 =) WiEshFX HH
WRAGEZINEAFGSPITEM RS «» WAHEERHB K.

P, S 3HATT 5 PF 9T w127 ok 6 P . IR A8 H 30 LM, 3F 45
BT AN AT HE i ) B LA R,

L 1.

Flz(t),2'(t)] = F*[z'(t), z(t)], (12-91)

Hy RS HECRE L.
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O 2. G ¢ KFHAME t. B, 2 BAERE o(t) A o' (¢) S, 2
t>t. B, F 5 x(t) W5LFRE T k.

P 3. MR F, RAFEIRE « B RIZ R, EEREFAFERINIFAR
HE, RAEEAE R R w, WA T — BRI R R D) Wiz K
o

F =) wF,. (12-92)

B 4. R ARG z FAF SSRGS A M B HEAERH, AR B Z[H
VA EEMEER, FEEMRZFRENZERAXR, B4

F=F,-Fsg, (12-93)

Hoh Fa 2 ARMYS o AHEAERN QR EIZR, M Fp & B RMYS « HEAE
i At 64 532 W0 42 bR
ML 5. AN Rz R Foa] LU SUAH 244

Fla(t). 0] =exp {i [Io(0) - Ol @)t |, (12-94)

WA o MY RGRAES I f(6) MEMF, AR AR E &
/ SO f(O)dt. BEHEBR Fla@), o) = o) — /@), X Sk(t) BAE
A2 o6, W L BF 58 25 1 F— 2 IR EE, Rt f(0) RAEM. [0 2 F(0) HAHH
R 37 )

WAk, BN (12-90) SEAEIFN 1. XA RAKX MBI 2, At
P R A B 3. VR, X T AR B AR AR Sp(X) R4 SE R
SHMEM R 4G, #FH

> / / HSpIXWI-SolX" O p X (H)DX'(t) = 1. (12-95)

final

BOR AN ERBUS IR LA R Y TS RENT

final
/K(Xb, Ib:Tas ta)K*(Xb, ty; X;,ta)de = 6(Xa — X;) (12—96)

T &, GVSEREE v(X.), MR (12-79) & AT e A8 HE, T AR 3 LL
(X)W (X)) B, 18

[ 80K = XDw X )w (X)AXedX; = [WEOPaX =1 (12-97)
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PBU7E T B, WRAER (12-90) , % F — 4S8 A A9 7E 42 A 1] P9 8 B Y 0 (2),
A4 2/(t) = z(t), MIATAE B (12-95) AR R XX, KA O B2 #
E 1) 1E R 2

Sp[X(t)] = So[X (t)] + Sins[2(2), X (2)]

A K
SplX' ()] = So[X'(t)] + Sine[x(t), X'(2)],

EMRFR, R 2/(t) = x(t). Frlh Flz(t),z(t)] = 1.

FERT A E] PR t. < t <ty WIRFEIRE IR, A5 (12-96) KB X R (A
B te, X B t,, X,) B, EH2H t >t B 2/(t) =z(t), MY t >t B FXf
z(t) BB R R, HAY ¢ >t B, R (12-96) A5 z(t) LXK

MW 3 RTREFLMARER IMEHLEITIFEN J HMZEHER
5.

I 4 B E, AR (12-90) WIEHERZ Soa[Xa(t)] + Sincalz(t),
Xa(t)] + Sos[XB(t)] + Sinplz(t), X5 (t)], I H HBEH) 54 5 2 U ok AT,
METE B AR TR, B4 F hFR TR FEEXLE HX (12-90) &
SRA] 15 R HLI 4.

F 5 At 2R (12-82) FIa (12-85) H filf e 45 1 19 SCF AUR.

X R R — e — e, AR RS RERER T
(12-89) MY s A2 L4 45 Fh 45 RE 0 O k. FRATDKE 130 3 0 T 2 (49 B i 32 R R 45
HIX— 7.

IEFEA @R MM E RS R R L RERRN, Fr &l
M Rt RAF H EER, IEEIEMZREEES (1), 2/(t) WXEE K
U 48 L.

B MRERER -HLTFHES (BE—-SEHRE) Wik, 1]
RN RS o KRG, A HEK (12-90) R, F 2R, e
Rz ok, AR IR A, FEAR YT — RE O P R A AL, REZETR
St AL, X RPN 2 R R R B R R = A A, T A S 2808 AR /. il
FER—-NEF, ESHESEKPREREFHNE A RBOHEE/EH. —1
JEF AR /N, Fi, HEWZ R Fa 5 1 ARA Z 5. R, 85| 50
4, ERM F B ZXFEFHRM, ©ER JLF) B4/ TTERZ A5 B
33X A BT R e T B B T B9 A B AE B — B A B, (S BRI R R 6.

XS — NN, B TS EERE PN —RER, X iERS01E
AT — BT R B L, —Fp R B R n] I X ER, BR SR P KEHR
FTHHREE TAERN. & (X) T BEIERLS (z) M WREZ K ILTEE &
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B Fe X FOE A, XA R SF M T IR — IR R T, BTN AE R AR BB R T2
AL z(t) 1 o/(t) —RI Y B 3 B 6 B2 of R

Flz(t),z'(t)] = exp {i/m(t)f(t)dt - i/x'(t)g(t)dt} , (12-98)

He f(t) 1 og(t) RAEEE REC A, mR EXERWZ K, B4, P4
oA B AT R bR A HL U B AR . LI 1 EOR g(t) = fr(¢), M 2 EOR
g(t) = f(t), B, g A1 f A0S JFH f RICH. XFE, RPN 5. &—BAILK
PEIZ R S5 M T 4 LA AR

ATEB— BTN R R, H o REIE —o(t) £ (t) 02 TE 3h - &
G i b, S 2R LA E T SRR IR IR SR, IR A
ﬁfﬁﬁ&IﬁTuﬁﬁ@?%tﬂX R, GE AL 4 FATAT LA, E R
H 0 b — A~ YR I E 92 PR R R

&@@Eﬁﬁimlﬁ%%j&ﬁ%ﬁﬁ@%ﬁﬁ

Flz(t), z' (t)]
:exp{ / /[att () + B(t, )2 () ()
bt )z (D)7 (F) + 62, t')z’(t)x(t’)]dt’dt}, (12-99)

Ho,B,7,6 BAEBERBO. X ¢ fl ¢/ B0 KA K IR X5, R
AT R ¢ > ¢/ IR, XA MRk — B, EAE TS 8048 A
T B R N SRR 2 e, ARGE AL 1, AT A

B(t, ) = a*(t,t) (12-100)

vt ) = 6" (L, t). (12-101)

W 2 A TRNMARGBE. 2t >t 0, 2 at) =2/(t), HBEt >t M
t <t., #IERX [ERRK (12-99) FHHH—F ) N

/ / la(t, t)z(t)e() + B(t, t)z(t)e ()

+y(t, )z (t)x' (t') + 5(¢t, t")x(t)z(¢')]dt’ dt, (12-102)

O RE t>¢ B, XEREAFE X
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Mt >t., URIFAEBERE z(t'), ESRE o(t) TR, M H ¢ <t B, 5 2/'(t)
Tk XBER (RE t>t,t' <t.)H

S(t,t) = —alt, b)), () = —P(tt'). (12-103)

HEERK t. BAEER, riR (12-103) LRXFEFAR ¢t Al ¢ B (TRA R

il t > ).
Pt LA B — MR B 5 R 2 R R 5 — N R R ot ) A OE, HIERDN

Flz(t),z'(t)] (12-104)
T pt
= exp {—/O /0 [a(t, t)z(t') — a* (¢, t")x' (')][z(t) — :):'(t)]dt'dt} .

TE ot t') B RE (LUl 2 A, t)] WIETE T, iz kS4T30 (12-87) i35
B, S EBATB R RMUTEBBEHIRWHEE. —RERF ¥, o B
. — 1 EHENRKIFIEE
a(t,t’) = a(t —t),

BRI T EZE ¢ FRIRATA B IR R G215 55 46 Xt i 18] 6
EE

AT H B (12-104) B9 K LR, AR TR, 7 o EH/DBIHE G
T, ¢ RGEAERTEIEIRE T AMNBBRERT R HA4AFE - ELRER m OEE T

REATAT LA AMME L. BIFX (12-104) ) F, BTE |, A FPRERE
LH, EARHEAEMER T —0R o WEREN, EFNES Kbz -2

T
—/ / a(t, t)z(t)z(t')dt'dt. BEEHR F RAKX (12-89), FH# K (12-83), &
o Jo

Y= ¢n M X = G, TR HXAEER, WATLLE ) X 2(t) F1 2/(t) KRB
THRFHFEM. HTZ—2X ot) R, A

[ [_ / : / ta(t,t’)x(t)x(t')dt'dtJ Da (1),
0 0

ERRKIET (ZEHMNE)
")

(n

T t
—— /0 /O alt, ') (mle(t)z()|n)dt' dt. (12-105)

- / ! / " ot )zt ()t de
0 0
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%t /() BB B / IS Dy B R BRIE T (ml1|n) B0 LY. T2 L7 R
SR ELAR I, R R
T t / 7 *
P(n —»m) = /0 /0 [—a(t, ') (m|z(t)z(t")|n) (m|1|n) (12-106)
+a(t, ¢) (mlz(t)Iny* (mla(t')n)
ot (¢, ) (mla(t)In) (mla(t))In)*
—a* (8, ¢') (m|L|n) (m|z(t)e(t')n) *|dt'dt.

W m Mo BIEZH, (m|lln) = 0. G1F Sz] KAXTNIRES £ HRESR B, 1
W Em R, BAf
(m|z(t)|n) = ppelEm—En)t, (12-107)

H (12-106) HF T &EMI, H HEME AT L5, T2

T t
P(n—»m)ZZIxmnlzRe{ / / a(t,t')e-“E’"'E“)“—t”dt’dt}- (12-108)
0 0

B & 12-3 XfF m=mn, iEH Pm —m)=1- ZP(m — n) IEANHEHE
5 T BR 9 — #E. '
FER SR EREI, a(t,t') = a(t —t'). FRATE SCHE B AR5
— —iuJTd . .
a(w) /0 a(T)e r (12-109)

[XFF t <0, a(t) BHE JH KA (12-108) F18 P(n — m) IE HF B4 Fr 3
Je& i) it (8] 18] B, BT DL FATTRT LA SE SCRERPERIE 3, F-# B BRI M5 K

B P(n - m) = 2|5177nn|2C"R(Elrn - En)a (12_110)
HPRNE LI a(w) 4 5552 A1
a(w) = ag(w) +iar(w). (12-111)

FATAT LIRS, X TR A T L8 h0EE, o) REWM [BF

K (12-87)), M a(w) BISETBRFER (12-50) H B & S0 M 75 6 T R4 ok 8. T
S, XX PR IR R4,

ar(w) = ar(—w), (12-112)
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H—RMin, A
n —m KERIEHR =m — n WERITE XK, (12-113)

HHXPABREREIE L FEEKRERMFLMINR Pw). TE 2H5]&E
] b BRI 5 T E T & m T BRE iR,
BT AEEENHFEAEAERLUEMAEEM RS ENER. B
i, A BEFREE T hR AL T LA, Bkt T4 X BEE. RATKFRIX FI RS H B i,
XFXFER, RE « RIEPERKE (En > E,) MREEARKATEER, F
I, XX S A IR R4,
ap(w)=0 %4 w>0, (12-114)

H—% 043, A
U B> En, n—mBREE=0. (12-115)

AR AT a(w) & AT AE B—ANA, B (12-112) P Rm 9268 i X
(12-114) RARK B FTUESE K, B E LB HZREN T —1TF
g, WAGA TEA AT, ZRSHRAX AR FKELHB N OER. X4
L5 RIRT AN 4 LI KT R 3 5E, BIAE 0] 5 4 1 37 o 5500 TR Rl 2 v 0 AU
R —DNAEXREMHEEERLIR (12-87) PR ERR A1), T1H
— IR EAERRARR A2, t), BBAE SO EIZ R, BRHETIEM
TR A + As.

12-9 & kT B Iz &K

FEHEATLS H— T, AR, X T i — M E R T 4R R, ] i
3 (12-90) i F. igRT AR D X, b FRE, B EAER Sinz(2), X (2)] =

C’/a:(t)X(t)dt 5z RUBEA. B WIRTFHRERY 1, %N w, T2

So[X(t)] = %/[X2(t) — wEX?(t)]de. (12-116)
FIr LA

Fla(t), z(t')]

_ ; / / Sp {i / Exﬁ(t) - %ngz(t) + Ca:(t)X(t)] dt}
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exp {—i/ [%X’Z(t) - %ng’z(t) + Cx’(t)X’(t)] dt}

x DX (t)DX'(t), (12-117)

Hivm BAER MOEEES BA, XTX MRS REEEM. FL L, R
W2t E, B E R 8-9 Xt T 3218 il ik 718 3 &9 BT R 08 Gono. 24
IC R f(t) B BRBIRAE R Cz(t)Q. B, 2 n =0 BF, & (8-145) A H

(%:n Goo, (12-118)

H Goo B3N (8-138) 4 th, MifER (8-143) F H Cx(t) ¥ f(t) 4tk p~. A
B, X X B B — DR RIRR B B L, A X KEA O/ (1) REF F(t).
T — ok DO X MR B S A E. T2, 725N (12-117) o, 3PS RA, 4

GmO =

ZG 0Gmo = 2 (151"1 00 \}@m Gl = GooGhe? . (12-119)

I Gn B 1 28 AR A, th X (8-138) 1 (8-143) MyfRHk, B3I (12-104) FER B
F, Rt Hrp

a(t,t') = O—Qe_i“’"(t_tl) (12-120)
’ - 2(.4)0 ’

Bilhn, =0 (12-104) 1 #Y zo’ T HERE FHREFTH 620, B RER (8-143), X
AT B

@ EHE WA LI (12-117) F R

Fla(t), 2! ()] = / / K (Xp,ty; Xay ta) K™ (Xp, th; X1 a) -
qbo(Xa)d)B(X"l)andX",de,

Kb K & f(t) = Cz(t) B 3Z 8 1Bk T 153 T (3R (3-66)], K’ MR f(t) = Cz'(t) BT 4.
¢o(X) AR F RSP R TRIIAZER Xa, X, X, & LL—F0 #3869 5 58 R 3, 5
ATEERG X, RIS RAECRESHTARBEMEL. XARE  BYS, H
BEHRIE T exp(—BE,), Pt BAM 3, 1 EXBHN F, Aot 3 ok do(Xa)pg(X,) B
B

HH D on(Xa)ern(Xao)e PP,

B E ]2 10-1 P75 I B BERE B p(Xa, X5) A XAMBUMB R B BT R,
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% ,:/OT:z(t)ei“’"tdt} ,:/OT m'(t)e_i“’otdt} (12-121)

= / / [z(t)’ (t)e“0=) 4 o/ (t)z(t e 70— d dt.
Eik, & (12-109) FEXHE a(w) B BER (5-17) FfE]

02 oo . . CZ )
a(w) = 2w0/0 e T T qr = 2—w0 [—1P.P.

12-122
wo+w+n6(w0+w)]’ ( )

T2 a(w) WEFHE
2
ar(w) = —8(wp +w). (12-123)

2wo
XFIE w E2ZF. EWMFrHEMIAE, A1 (12-114) FriiiR i B HE.
R 2 A [R] 43 3R 1) 2 ST B T ERE AR, IR AR HE AL 4, EATH ar(w)
R, TRAEMABRRSE ERELT) SN TESESKR FES. HH
H A2, ﬁ'ﬁﬁ w IR ar(w) ATRARTER R (12-123) 19 & ok %044 K.
— N EERNE TR ARBERNARE SR FOMEEM. WRIRE
BT, ?JJ&% n, HXTHERE e Bn/FT FEHAEM T, deXHHER N

Wy = ¢~ MW0/ET f(] _. g~ Puo/KT) (12-124)
R A AR n, TR R 77 R R 2R
Fo=)_ GmaGi, (12-125)
MAR (12-119) B, AR 3, # 3X L6 35 43 51| 3fe LA HAH B 69 HE 2 w,, F4H
m, #jE F R

F =Y GunGipe "W0/kT /(1 _ g=hwo/KT), (12-126)

m,n

HEEHRA (8-145) BRI XN EFBMER, Ad, BERE

F = Goongeﬁ‘ﬁ, exp {__ (8- 6B — ") } (12-127)

eﬁwo/kT _— 1

A (12-123), HILHEH ap(w) &

nC? [ efwo/kT 1
[erwo/w 70w +w) + G 8(wo — w)J o (12-128)

aR(w) - 20)0
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VR 22 4R 9 X P 26 1 20 AN BE A AR T BREE. BRAE ) R BB R B KRB R (v < 0)
BR AT AP 2 AT BEHY.

HE, & w>0, W18 MEETE, RMA w <0, WA & mEL
HFTE, TROHA,

ar(—|w]) = "V g p (4 |w|). (12-129)

A E B R EWE, ML, 4 B, > B, i, H R (12-110)]

B FERITEAME (m—n) o En—Eim) /KT

BB FBTABE (n—m) (12-130)

A, MR ARG o AT E e Bn/kT (54 n &, ARA, X FHATEH ;M
ah 1 B A ) b BRAE A0 ) T BRAE B ¥ 22 80K R R, AT &R Ged A T gt VA
KA XERBIMRESE T FEEEFEN. E£IRER T oF6er~4 ik #
S IZ B B A T PR AR LA 2 (12-120) WM.

o RERE—NEF, MAREREN T (BB, ENTHILEH, U
ar(w) BRI (12-128) #FRIX XTI 09 2 Fh A3 wo W FT AR B 48 . /T
DL E 2 iR A BR B (12-123) fin b M 7 oh 3

ar@) = Z [8(wo + w) + —— o [8(wo +w) + 8w —w)]| . (12-131)

2w ehwo/kT 1

55— K A 1 AR BE R BR A, BR R B R RS B 00 A e b BRAE A ) BR
I (1 HE A R, FR A 32 3% Kk I 8532 S W . FRATT U, 1 BRI 2 A1 S 7 R R 1,
TEAT R w Aab, MRS Y O 24 58 B BE IR 4 1/(eM/FT — 1) A8k, XIF R ZE R TH
BT BIAEEG RN AR EWMRNEXBFERN, ZERE T /6
25t IR R R A o P A ] BB (FRATT 5 5K A — N R VL B PR BE), R AT LA
HRRE T AL, 2 N B S % FHBE ane R 2 H A R %, 6, —4
BERN T WA MR ERERAS. 25— R MR T h RS 2 B
ERERNH R CERARSEAFEBE (B0, €8 69 B ek i #5658 5T
FEHT). FRIEATT LA, 7FERE T, FYRERFERER T X IFEBZN, B8
— A H L AR RS (F S, B ARSI EEAL 07 ¥ F 75 1E BT A R Y AR
i

1/(eM/FT 1. it BIFR A FE Bk S5 T2 i
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AIA AT REFE X Ltk — A HOR X — IR @,

12-10 Zit

AR, T AR B X R B0 Y 5 S R e, 4 SRR R B0 R BT R A,
TR 4 B ATk AT LA A R b R X N B AR, (EL R, 3 [ IE G A R — 2 R A T
¥ Al AT LA g g (4 () B, R — s B P B AR AR AT AATTAT LAA 2B i 7 BE B A2 Bl
A7 TGS bR A, % 0 R ATT R RE 6 3, SR ) R AN R v T Y 0, U 3 A AT LA
BRI BT IR A M, T HFRATAT AR, 23— RAEUGE 1 i SR L
J&, F B AR RS AT DUSCSE 22 0 3 4. P BR AR AR 20 AT AR B S5 R, 11 F SE AL 2 9
8] 807 B AN REAS Bl A e — ) TR T — R e s o R A A, Xk
TTERE— LR 2B E B X KER.

SR, BRAE(ELTS 95 th B9, B AR AR T i 0 — 4 m) AL B9 45 b 3Rk 7 X Z 1)
AT LA TR AR L 4, O EL R R I R T O 1 B 56 TR R RSN R R,
MEEF O AEFEREE &

ZEF xR TN, BT R E R KB, R R AR RE. B
AEVE R 5 89 77 e A e A KL A SRR AT, A B B R K
S Ak PR 26 XA A b MO AR B B R % 7RO R GE. AR, AR KR T
J1% Z2 G ) — A TR BT A6 AN ] /D B 2 RS . X B 0 A B Y L TR AR B —
AT B A 3RR, X2 — DN E R R R 40 SR A R e A HAfth — L8 R N
PaoC i, AR E AR R, R A BRAR AR 0t T A B E R {H R R DX st
T2 (8] 5 % 5 5 & AT R — S A R AL

A, BRI ZERMAXTT UMD —8FE RS [~ FAJF (order)
BT ROk EH &R, AXAIE AT UK B 5 60 i 5 X eI EE R, B
AR 5y A R W A (DA REESE + — E R R T 4 ). 6l
n, X — BT IR ) S w37 oR AL SR o 2 R B T, BVERIE AN 5 A AR o MRS
155 R X By B3 F 40 8 BERR & 2 — D B B S HET. X R SR AT BE

@ XA R W V2 of 1 () BLAE T 38 SCER 4 #1538 7 R. P. Feynman #l F. L. Vernon,
Jr., The Theory of a General Quantum System Interacting with a Linear Dissipative System,
Ann. Phys. (N. Y.), vol. 24, pp. 118-173, 1963, LA & W. H. Wells, Quantum Formalism
Adapted to Radiation in a Coherent Field, Ann. Phys. (N.Y.), vol. 12, pp. 1-40, 1961. X
F X F TR A HZSE: R P. Feynman, R. W. Hellwarth, C. K. Iddings, il P. M.
Platzmann, Mobility of Slow Electrons in a Polar Crystal, Phys. Rev., vol. 127, pp. 1004-1017,

1962.
@ R. P. Feynman, An Operator Calculus Having Applications in Quantum Electrodynamics,

Phys. Rev., vol. 84, pp. 108-128, 1951.
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Fe e ok 7 T RS R, AT LR A B B KB R
HERR.

Shy ARSIk, UEEEE BRTRRR, IR ESHRREN, W
RIS R IR, X A B R RO, B E R B AT E W _E B RE LY
PR A 5 BE 0 T R R R



B 3% -

—EFTHANERS

o
/ e gy = | [ e t/4e (A-1)
- V=

% Re{a} <0{H a#0

- a(z1—z)? _b(zo—z)? _ —T ab B 3 -
/_ooe e dz —a+beXp{a+b(x1 z3) (A-2)
% Re{a+b} <0fH a+b#0
/0 exp {;;‘2 + ibx?} dz =4/ % exp{i2vab} (A-3)

Moa b NIELE

/OTeXP{%+%}(I~d+7_)7_;;: bi—%eXp{%(\/EJr\/E)z} (A-4)

W oa,b K IE 2%

in /a+vb i
] Jab exp {f(\/&-i- \/5)2} (A-5)

M a0, b K IFLH

n/2 ) 9
/ e?® T sin(2z)dx = q_2[(q —1)e? 4 1] (A-6)
0
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I
/ e? 3% sin(psin z) sin(ax)dx
0
1

360 = (A-T7)
00 / eP 5% cos(psinx) cos(az)dx A4
0
/00 e 2" pkdr = l)\_(’chl)/ml" (E) (A-8)
0 m m
BEk>-1,2>0m>0
/ " et = 28 (w) (A-9)
‘/Ooo e“tdt = né, (w) = né(w) + P.P. (i) = EEIE']_'_ " _:_ - (A-10)
&k 1 .
IO =y ) BE Ny (A-11)
ftb /tf(t, s)dsdt = / b/ bf(s,t)dsdt (A-12)
[361] ;‘35 %

X R S E TSN, R R E N A R | UL S . MG
BAEIESCH RS ° #Rid.
B XAPER AR MR, Xt (BPEAIR—1k) R, WREE.
“x x " B DL L.
83T EXAFP, BAFFRTFH a (WI11R) Bl b (&S trid; =K
W H a3 c 3 b brid; WADFHMKTH e 3 d B e 3 b Aric; ML EFSE X
Pl (B S AR AR AR EZRIUEA T ERME (ZFH 21 BOME 126 ).
85 3 T “XAREIR I SE B0 R A A X RO X AU FE R & £ /Y (1965)
SEREEK. BIRZ)E, EAXENLRSRE] UMW TR B RYE 2

Claus Jonsson, “Elektroneninterferenzen an mehreren kiinstlich hergestell-
ten Feinspalten,” Zeitschrift fir Physik 161 (1961) 454-474. Trans-
lated as “Electron diffraction at multiple slits,” American Journal of
Physics 42 (1974) 3-11. (Wave-like properties of electrons.)
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5§ 21 T 7EHET A A A9 B AR, A0 X LB — 2L R ] (& 1-9)
OUFE 5 22 BB [B] B 4T 9F), A B T RATH 5. X Af, — B4R SRR 2E A 348
“PEBS A BE 17 L L Es, SRJGFERY (8] BE t29 T FL D3, %555, 755 B AR 4N
i A BRAF I, WK 3T .
F2T: REXRFEHT, FLE HIbABRMRBETERN. Kbz — 2
%% - A, W

A. Tonomura, J. Endo, T. Matsuda, T. Kawasaki, and H. Ezawa, “Demon-
stration of single-electron buildup of an interference pattern,” Amer-
ican Journal of Physics 57 (1989) 117-120. (Simultaneous wave-like
and particle-like properties of electrons.)

Movies of the above experiments are at <http://www.hqgrd.hitachi.co.jp/
em/doubleslit.cfm>.

R. Gahler and A. Zeilinger, “Wave-optical experiments with very cold
neutrons,” American Journal of Physics 59 (1991) 316-324. (Wave-
like properties of neutrons.)

Olaf Nairz, Markus Arndt, and Anton Zeilinger, “Quantum interference
experiments with large molecules,” American Journal of Physics 71
(2003) 319-325. (Wave-like properties of Cgp).

Michael S. Chapman, David E. Pritchard, et al., “Photon scattering
from atoms in an atom interferometer: Coherence lost and regained,”
Physical Review Letters 75 (1995) 3783-3787. (Observing atoms as
they pass through the double slits, as discussed on page 7 of this
book.)

E. Buks, R. Schuster, M. Heiblum, D. Mahalu, and V. Umansky, “De-
phasing in electron interference by a ‘which-path’ detector,” Nature
391 (1998) 871-874. (More on observing electrons, as or after they
pass through the double slits.)

Paul R. Berman, editor, Atom Interferometry (Academic Press, San
Diego, 1997).

Helmut Rauch and Samuel A. Werner, Neutron Interferometry: Lessons
in Ezperimental Quantum Mechanics (Oxford University Press, New
York, 2000).

David Bohm and B. J. Hiley, The Undivided Universe: An Ontological

#= (el
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Interpretation of Quantum Theory (Routledge, London, 1993).

823 TU M RAUER B G 1% FEBUEL (decoherence) B 44 SCTF 5E A .
33X 75 TAT 4 K A 2 R SCHK AT E i R 3R A

W. H. Zurek, “Decoherence, einselection, and the quantum origins of the
classical,” Reviews of Modern Physics T5 (2003) 715-775.

526 TT: X B M B B R M A RE R B BOE AR, Bilin, 2F

L. S. Schulman, Techniques and Applications of Path Integration (Wiley,
New York, 1981).

Hagen Kleinert, Path Integrals in Quantum Mechanics, Statistics, Poly-
mer Physics, and Financial Markets, third edition (World Scientific,
River Edge, New Jersey, 2004).

8 28 T, M 2-2 HR: A AT A B HER AR, ELA B, US4 RO K
TIE W 1 4z - ) 58 B
Sa = S la(aB)]E-

FE 2T, AF23BZRMBT=t,—t,, N

m(zy — z,)2 T(zp + T4 273
5= 2T L I 2 )_];4m‘
£3371,:0(222): (1) XNEETFAEEN L/ [KE]. BN, £ s =
], XMERFAHEN I/KEP:. QHEFAREHMN /4 MER FKER
94 (3) X R E MBI L, (TEBRER ) 2 e Em T 0 B, EMRSHIH—
R F AN fm G R R, DA KRB B TRk A R MR T (Bl
PRI R BRAR). (4) FRATIIT WA H 1 & A% [ 420 b SRR, 17T 2 W 2 BsF i) B 22 A o)
GIE BB sl o

847 T B — R EERT, AT ARk 3-2 WA 3-3 9.

% 56 T, X (3-40): XMHERFERILT—1fb. (ERI AWM TFFHL: HENE) H
& 3-6 W EIH—1k, ER

P(@') = -(1Clus) = Cluo)? +[S(us) - S(u-)P).

% 63 71, R (3-60): XANRIAXAK/NEXTHY, B, AR RS (B1i1/2 43 3%)
1. IE#f 8 F k& (4N, W N. S. Thorber and E. F. Taylor, “Propagator for
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the simple harmonic oscillator,” American Journal of Physics 66 (1998) 1022
1024)

1/2
—g(__ W 9=El 2t T
# (Qnﬁlsianl) Hep Z L+ Borann(ed /)]

X B “brunc” Fric “BAEE” BREC trunc(z) B/ TFEE T o AR KB
% 64 T, W 3-10 ##/5: W FRXAERE, FiE#H:

m. . s i
Se = o [wd +yg + 24,

5% 98 TU: AR (5-4) B PR S (5-5) BIIL IR FE 7n P 18, T A S 16
SE M O T 0 I A S R S T A 9 R U R B A . X A T RE R
B % TR R 0 AR RGO, B, SERAVE. B, HIE T fER
BB bR 0 B R S ks B B MR BE P(p), {HLE, T T AR B B h i A
{3 8 B A% R E Plx).
% 107 T % (5-23) BIIR (5-25) 96 R UL LA - T 3 R0 A TR BE: 1 9.
# 130 T HAVH r AFCAEE T A, F o 470 M5 o F 0 R 8, LU X 51,
1558 B Fh X ) KRR L, MAEBILE (TR %) ERAEXE
E30)
# 142 T, R (6-62): X545 75 i R B BB R ST E — 0. &R A
2? = 'ﬂ% FHAR (A3).
%204 T XMEETHEN 1/[VEE x KB
£ 217 I, [A)#0 8-4 $&7n: Bk (XA N)
1(N 1)/2 ) ’
(Qo)2 5 Z [(Q5)% — w2 (Q)? + (Q4)% — w2 (Q3)]

%8 217 T, [0 8-5: {H151iF B

(20|(Q5)"[®0) _ (Pol(Q2)"|%0)
(Po[1]Po) (Pol1| Po)

_]o n &y
| (= DN(R/2wa)™?
S 218 TT: WAR, Xk RA (KA (8-89) 1=t (8-93))

éf(k) U NZ;f< )
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% 233 7T, R (8-138): XNMAKRFHHEE N (ALK (A-12) 155))

T T ‘
Goo :eXp{_4h]1\/[w/0 /0 f(t)f(s)e"“‘"t_sldsdt}

% 236 T /0! FEWA LIRS 8 T GBIRT) HMEAM 8-3.8-4 M 852
A, A E X — . B ORARAR X 1 Wk B 2%, BIE/RIA AR 48 0 18 3L
48, bR X R

5 247 T BN H — 1k, 2

// D5 (a1, k7, G2,k )81,k 01 g Do (@1,k, T2,k ) H day xrdag k-
k,

5 252 T X FARAL 1, RN YERRF a Bl dE| c B b, I t =10, 8 = tg,
G R

. ty te o0 [e%9)
11 . T —ike(te—tq) / /
= — 2i— dt dt dzx dx
AmL =5 Ek g /t:, C-/tn ae EN 4z | daa

% e—(i/h')EM(tb_tc)w;‘l(wc)jl,k(wc, tc)be (:DC)

Xe_(i/n)EN(tc_td.)w}"v(wd)j;;k (€4, tq)Vr (zd)e—(i/ﬁ)EL(td—ta)

% 309 T, X (1141): B FRM z, 8] z. FEIFZ 0 WEHE TR f(z.), HR
AN z. B zp £ “BF 20 B WL HEF, 8 5% x. BT A ] BEAY 18 L4

/ k(zb, B; ey @) f(ze)k(Tey U; T4, 0)d,..
—o0

X E % F HERE R (10-32).
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WKB iz WKB approximation, 63

X Hek, ws X-rays, scattering of, 138

o PR%K delta + function, 260, 263, 264, 360
nIF pion, 231, 254, 260

A
WA HRITEFEH  Ehrenfest theorem, 175
Z= T, A, Einstein, A., 295, 355

B
=L =t white noise, 153, 332
4 Bethe, H., 256, 257
ZAIE bR %X eigenfunction, 115, 146
A {H eigenvalue, 115
R AF, boundary conditions, periodic, 92-93, 213
AR Sr ik calculus of variations, 26-28
74y JEBE variational principle, 296, 303-310
7 e transformation
fEf - BffAl energy-time, 102-105
Ak AR of coordinates, 68
AE¥a R %L transformation function, 96, 111-112
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750 jacobian, 72-73, 209, 337
PR scalar potential, 79, 189, 237
b HE f 22 standard deviation, 50
)3 wave, 2
U PR L wave function, 57-58
A E not definable, 71
-2 complex conjugate of, 109
2 4 entangled, 67-68
¥ R B S5 complex conjugate of wave function, 109
KM E wavelength and momentum, 44-45, 47, 54, 99
o BT e Born approximation, 128-131, 147, 169, 170
o BT Born expansion, 128
WIR %5 & H R Boltzmann’s constant, 268
B IRE5 &, L. Boltzmann, L., 277
#fa, S. N. Bose, Satyendra Nath, 16
w37 Bose field, 231
¥ {5,F  boson, 16, 231, 244, 288-293
SR 7w 1] Poisson distribution, 323
AMZERHE  exclusion principle, 16, 231
i B2 30 Brownian motion, 165-166, 337-341

C
A o J B uncertainty principle, 9-13, 52, 54, 176
B[] — B time-energy, 85, 148, 161
] measurement, 96-113
MAZE  and probability, 106-112
it 4 28 {E expected value for measurement, 112, 217
e 8 measuring equipment
o for momentum, 45, 96-100
— in general, 106-109
Vet creation, 232
oS superconductivity, 294
HE R hypercomplex number, 6, 23
Te F product
& of momenta, 179, 195
0 of amplitudes, 38
(VA=A NP3 of positions, 181
i E M E of position and momentum, 176
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fE5% pR B (5 4% F) propagator, 363
HEER momentum representation, 101-102
EEXRZR energy representation, 102-105
AeAs T in terms of energy states, 88
A kLT free particle, 42

£#%& T  kernel, 26, 28-29, 109, 363

1 3% magnetic field, 64, 79, 300, 308

ik 53 BT X magnetic analyzer, 45, 100

D
iy unit cell, 224
EEE P Debye, P., 295
KT, P. A M. Dirac, Paul A.M., viii, 113
KPL 7 & eREL Dirac delta function, 53, 87, 102-105, 114, 281
KHLTE T Dirac equation, 23, 36, 237, 255, 256, 258, 264
1 electromagnetic, 240-242
L g 3 electromagnetic field, 39, 64, 79, 189-192, 236-265
L R BB IE electromagnetic mass correction, 254
F, fif 25 E charge density, 237
FL O current density, 237
P, 1 AR electric dipole, 250
ED steady state, 84-89, 116
oh & momentum, 28, 44-45, 47, 53
ER representation, 96-102, 185
b= measurement of, 96-100
Z R functional, 187
f#  amplitude, 96-102
b e of photon, 242
AR and wavelength, 44-45
%5[A]  space, 98
BT operator, 116, 185-187
BRIEJC  transition element for, 184-189
A R moment-generating function, 325
ZhHE  kinetic energy
BRiF It transition element of, 178-179
ST R4 independent systems, 66-68
XTRRIME, Mk symmetry, of crystal, 224
XfHMHE  commutation laws, 115-116, 176
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E

Ju K £ 5 5 Hermite polynomials, 199-200, 203
JE KRBT hermitian operator, 82, 86, 114, 188
TR Z PR quadratic functional, 184
“WREEAHRE quadratic actions, 182-184

F
V2] emission, 153, 248-250, 260-262, 355
1Z PR functional, 35, 68
Z S % functional derivative, 170-173
F B2 root-mean-square (rms) deviation, 52
KATES[E] time-of-flight, 96
& Zh & to measure momentum, 96, 100, 141
& 5 fE to measure energy, 130
ik trace, 273
B AH X i T L nonrelativistic approximation, 237
FEEH 4> Fresnel integrals, 49, 55-57
HK E. Fermi, Enrico, 16
WK Fermi field, 231
KT  fermion, 16, 231, 244, 288-294
nF molecule
ZJR ¥  polyatomic, 140, 198, 203-208
XUR diatomic, 139, 140, 198
I®  amplitude, 6, 19-22, 24, 29, 86, 361
B B HE R momentum amplitude, 96-101
B scattering, 140, 142
eI B general measurements, 106-109
A KRR to have a property, 107
E—NEF to be in a state, 108
8513 radiation field, 242
8 B 75 Fourier transform, 101, 153, 219, 226, 314, 325, 334-336, 351
e fg & — B EAE#:  as energy-time transformation, 105
(ERENEE Fourier series, 71-73, 337

G

i #4048 Geiger counter, 3

#E#%  probability, 2, 19, 361
Al distribution, 323
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bR B of a function, 323
AHXF relative, 43, 51
BRiT  of transition, 148-152, 248-250
R IR probability amplitude, 6
ME#2<F{H  conservation of probability, 82-84

T interference, 2-6, 14, 56

T#Wi%#  interfering alternatives, 14
EWr/ i gaussian distribution, 52
EirK B gaussian function, 49, 52
EHrf4Y  gaussian integral, 42, 58-62
e 7 M gaussian noise, 329, 332-334

[=P23 amusement, 276

A A o B
o, I

Green’s function, 82, 274, 363
work, thermodynamic, 269-270

By power

Ty

mean, 335

T spectrum, 334

g P

noise, 153

P resonance, 161

I % A A, T7 ¥

18] 1 4y 2
R I BR B

solid state physics, 279, 293, 295
correlation function, 333-335

Uk =2 observation, 7-13

o HL 3R

photoelectric effect, 153

YT photon, 231, 243

H—4

normalization

stationary phase, method of, 132

% eR 8L of wave function, 82, 86, 89-94, 244

[=] 38 avoiding, 60, 62, 72, 134, 247, 281, 284, 315, 316, 325, 337

451t 71%  statistical mechanics, 268
H—H 7, e normalizing factor, for path integral, 29, 32-33, 61, 78, 178,
193-195, 209, 215, 275

H

e 4% il hamiltonian, 79
W R constant, 147, 308
X with vector potential, 192
5 (] JE 2% time-independent, 84

MR, W. Heisenberg, W., 9, 161
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Z %%, H. von  Helmholtz, Hermann von, 268

Z M 2% H e Helmholtz free energy, 268
FEHOWK 7% Hi  dissipation-fluctuation theorem, 356
RS blackbody radiation, 295, 355

fHsE3%  constant field, 64

1k 2 H 8 chemical constant, 279, 291

£  environment, 344

J
A = B principal part of integral, 103-105, 156-157, 253, 360
oy integral equation, 126, 129, 146
EE ground state
3 )2 electrodynamics, 244-247
BTk line of atoms, 222-223
Ak polarization
S of light waves, 243
e sh I of vibration waves, 224
etk A polarization, of dielectric, 311
AL ¥ polaron, 310-320, 356
% /MEJR ¥ minimum principle, 300-303
P Ak, 18 W polar crystal, slow electrons in, 310-320
WA extremum, 26-28, 59
ALY weighted average, 166
fn#EfE  acceleration, 166, 174, 175
R # KSR degenerate Fermi gas, 293-294
TR IF P degenerate perturbation theory, 159, 160
18] 1F 46 normal mode, 205-208, 295
fR] 1E A A% normal coordinates, 208-211, 216-217
BT H  asymptotic series, 141
Z#  exchange, 293
BWWTHLI  cutoff rule, 245, 255, 258-260
T cross section, 135-143, 152
fift B interpretation, 22
rF meson, 23, 24, 231, 254-256, 260
ZEHP M HEF  electrons in metal, 293
AR classical limit, 29-31
2 LR AR classical path, 26, 29-31, 59
FaAg IR BN W, lattice vibration, see phonon
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ffk  crystal, 198, 212-217, 224-229
ek, 18 HF polar, slow electrons in, 310-320
L AR fine-structure constant, 252
2l g entanglement, 67-68
e matrix element, 145
Bk xE for transition, 151, 154, 157

K

g K Compton wavelength, 245

A4+ BI R4 separable systems, 66-68

TEE ML O AFES  Kronecker delta, 86, 208

JE £ B Coulomb potential, 137, 239

T AAIE S  loose language, 108, 136-137, 147, 157, 166

L
s ) H & lagrangian, 26
i electromagnetic, 64, 79
T general quadratic, 58
iR, P -S. Laplace, P. -S., 2
24 W.  Lamb, W., 253, 256
MW Lamb shift, ix, 253, 256-260
% cold, 351
BTS2 cold environment, 352
ZHGE  Lee, T.-D., 318, 319
i force, 175, 270
sk external, 345
A particle, 2, 3
% 8k continuum, 150-151
% 22T approximation of continuity, 218-222
H %  quantum field theory, 69, 229-232
Bz % quantum electrodynamics, viii, 65, 69, 236-265
HARE fundamental assumption, 230, 240, 243
It AL IR B critical temperature, 292, 293
J5 AR AR Rutherford cross section, 137
1%  path, 20-22
ToHL irregular, 176-177
AR AN sum over paths, 29, 31-35
B path integral, 35
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A H) disadvantages of, viii, 39, 83, 294, 337, 356

37 B 18] 1F A8 B field variable vs. normal coordinate, 228, 236
R E double, 342-345

75 Ak benefits of, ix, 357

M

Zwii$,J.C.  Maxwell, J. C., 23

F i Maxwell’s equations, 23, 230, 237-240
Fe/IME R B R HE least-action principle for, 240-242

ik Bl L pulses, random, 322-324

9 B 4 density matrix, 273

bl mode, 205

N
BEEE  density of levels, 151
fEE  energy, 28, 45-47, 53
&7/  expansion of kernel, 116-117
4 and frequency, 45-47
i rest, 256
A thermodynamic, 269
% 1E correction, 253-256
AL, ik shift, perturbation, 159-161
BE & — (A AF energy-time transformation, 102-105
fEZA  energy state, 84-89, 116
A7 inverse transformation, 111
FUHERH Newton’s law, 175, 251

O
1R 3 A dipole approximation, 250
MERH coupling coefficient, 70

P

HE ik £ exclusive alternatives, 14

HAl, W.  Pauli, W., 16

fil£,S. 1. Pekar, S. 1, 319

BE 43 oK $ partition function, 268-273
BF  for bosons, 289, 291
B4  path integral for, 276, 280, 287
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e, D.  Pines, D., 318, 319
i % frequency
I oF B of wave function, 84-86
MAE & and energy, 45-47, 53
R average
2 & of measured quantity, 112
AL, # weighted, of potential, 305
88 of exponential, 283, 301
SEH##4r mean lifetime, 161
¥EITE, M. Planck, M., 243, 295
T Planck’s constant, 10

Q

WS E expectation value, 217
BR AL R spherical coordinates, 173
4% F  identical particles, 14-18, 231, 243-244, 287-295

R

#  heat, 270-272

AT 1y thermal equilibrium, 269

FF| - B A Rayleigh-Ritz method, 307-310

S
Bt scattering, 14-18, 121-153
il  dispersion, 222, 225
B4 commodity pricing, 323
1 entropy,272
B4A  of mixing, 291
7 sound, 225
# speed of, 222
e phonon, 222, 231, 294, 295, 313
il {R A%, J. Schwinger, J., 173, 258
A (6] #35) time-steady, 351
I vector potential, 79, 189-192, 237
g potential energy, 26
EER in momentum representation, 102
B effective, 286
BRI expansion for, 62



- 300 - hENBEBTERS

KRIEH & trial action,308

A lifetime, 161

iR 7 forced harmonic oscillator, 64, 70-71, 181, 232-234
£ /R¥%, T.D.  Schultz, T.D., 319

B ™ H P mathematical rigor, 93-94, 170

DY 4E Xt FR P four-dimensional symmetry, 237, 258

[UIToy = quaternion, 356

HEE EHFEJ velocity, mean-square, 176-179

B operator, ix, 79-82, 112-117, 170, 184-189

T
M elasticity, 220, 224
PPERESE  elastic collision, 131
FEAELZ BR characteristic functional, 326
REAIE R Y characteristic function, 325
MEE  of measurement, 106-112
&8, IH—{LHEF  volume, as normalizing factor, 93-94
i, B communications, theory of, 330
YiitJ1%  statistical mechanics, 150, 268-298, 341-356
1R I retarded waves, 251

W
5t 4 completeness, 83, 85, 87, 116
T B perturbed potential, 125
o Bf J FF perturbation expansion, 120-129
fii I degenerate, 159, 160
5 msf 8] 6 2% time-independent, 159-161
5B} ] e time-dependent, 144-161
FWrRE R, V.F.  Weisskopf, V. F., 256
i JE R configuration integral, 278
o7 B ) & position measurements, 96
b= 95 temperature, 268, 348, 353
Il F¢ critical, 292, 293
TC HL % 1% irregular path, 176-177

X
1T traveling wave, 222
W absorption, 153, 355
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SRR linear operator, 114, 116
AH AR phase transition, 278-279
FH X5 relativity, 35-36, 39, 102, 139, 229-232, 236-265
FHXT 1 X B relativistic symmetry, 237, 258
FHAE R interaction, 125, 130
BT 5T  of particle with oscillator, 169
Y5 of matter with field, 247-253
ER4 of systems, 66
M4k succession
KEMHBEM  events occurring in,36-39
L9 of velocities, 189
F A phase
A change of, 45
it g of path, 29
M, 5 —1k box, for normalization, 89-92
R T harmonic oscillator, 28, 63, 65, 71-73, 183, 198-234, 276, 286, 313
b7 field as, 65, 69, 198, 221, 229, 232, 238, 243
UL independent, 209-211
Fifh forced, 64, 70-71, 181, 232-234
HEAVEH interacting, 205
W 12 PR influence functional, 352-356
5K FHEEH interacting with particle, 69-71
FH JE damped, 337
AR A F form factor, 138
HE 75 virtual state,157-158
e FE alternatives, 14
B EE E. Schrédinger, E., 79
BEE 1S Schrodinger equation, 22-24, 58, 76-82, 129, 195

Y
H 5% pressure, 270
bR annihilation, 232
TR, B tightrope, logical, 13
TEAg P, YR rigor, remarks on, 93-94, 170
fiist  diffraction, 133
L electron, 140
B F  of particles, 47-57
it MM Ak4%  Gaussian slit for diffraction, 49-54
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W4 liquid helium, 16, 287-294
5| 11 8 RE gravitational effects, 245
W IZ R influence functional, 344-356
#k  swimming, 296
B GEEE, fit4E  effective width of diffracting slit, 49-52
JRF#  atomic potential, 130-141
BRITHE#R  transition probability, 248-250
IR AT 4 R R transition amplitude, 109, 144, 165, 168, 202
M for Hamiltonian, 192-195
BRIEJC  transition element, 165, 217, 350
R powers of velocity, 179
LB EFEF.  product of positions, 181
BREJCEI B MM transition element to operator rule, 188

Z
Mg P noise, 153, 327-336
BT gaussian, 329, 332-334
> Ik BR B correlation function of, 333
5 L classical, 351
HZ e vacuum energy, 244-246
1F 1 F positron, 39, 240
EA T — R orthonormal functions, 86
1EAC sR B orthogonal functions, 86
EARDME =& normal distribution, 50, 52, 331, 332
Hift#E  DC voltage, 329, 332
fi i, LR mass, experimental, 256, 257
Bk permutation, 288-293
s PR e H central-limit theorem, 332
R B %&4H  periodic boundary conditions, 92-93, 213
F# 4 periodic paths, 284-285
R state, 57-58
NGIR b not definable, 71
21 g entangled, 67-68
fE &= energy, 84-89, 116
HiE  spin, 6, 15, 23, 39, 231, 255, 264, 289, 300, 356
HH ¥ F  free particle, 42-47, 102, 120
HHXTE e relativistic, 35-36
HHEE ZMWEZ  free energy, Helmholtz, 268
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H 68, izl free energy, approximate, 284, 302
w/MEREIRHE least action, principle of, 26
/MEMEIRHE  principle of least action, 26
HLBZ  electromagnetic, 240-242
fEHIRE  action, viii, 26-28
M  electromagnetic, 240-242
MR A 5 B2 A coordinate space compared to momentum space, 101
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R RBAHKSNAFIEST T WA, 2t 5 RESRIR BT A

absorption, 153, 355 g e
acceleration, 166, 174, 175 n 2 B
action, viii, 26-28  fEfH &
electromagnetic, 240-242 i
alternatives, 14 k£
amplitude, 6, 19-22, 24, 29, 86, 361 &
general measurements, 106-109 e W&
momentum amplitude, 96-101 Zh B A RIE
scattering, 140, 142 Bt
to be in a state, 108 HE—A&F
to have a property, 107 B F
amusement, 276 =2
annihilation, 232 1
approximation of continuity, 218-222 % 22 3 M
asymptotic series, 141 TRl &
atomic potential, 130-141 JEF B
average, ‘-3
of exponential, 283, 301 iR e
of measured quantity, 112 i & &
weighted, of potential, 305 I, #

Bethe, H., 256, 257 Dl 4%

blackbody radiation, 295, 355 Pk 4R At

Boltzmann’s constant, 268 WIRESHE

Boltzmann, L., 277 WIRZE, L.

Born approximation, 128-131, 147, 169, 170 I BE
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Born expansion, 128 B BE T

Bose field, 231  Bifady

Bose, Satyendra Nath, 16 B, S, N.

boson, 16, 231, 244, 288-293  HfaF

boundary conditions, periodic, 92-93,213 i F&A, R
box, for normalization, 89-92 M, 1H—1k

brownian motion, 165-166, 337-341 i 81z 3

calculus of variations, 26-28 AR 4y
central-limit theorem, 332 s 1% PR R B
characteristic function, 325 FRAE bR 2L

of measurement, 106-112 B )
characteristic functional, 326 YRR 7Z BB
charge density, 237 FH, o 4
chemical constant, 279, 291 b5 B
classical limit, 29-31 £ B4} R
classical path, 26, 29-31, 59 £ HL g%
cold environment, 352 IEETS )
commodity pricing, 323 i B 48
communications, theory of, 330 iR, #ie
commutation laws, 115-116, 176 X 5 ¥l
completeness, 83, 85, 87, 116 SE4:
complex conjugate of wave function, 109 i R & & 48
Compton wavelength,245  J§ ¥ 1 i
configuration integral, 278 i JE 4
conservation of probability, 82-84 R <piE
constant field, 64 {5
continuum, 150-151 HELE

coordinate space compared to momentum space, 101 A bR 2 (6] 5 3h 43 (6] A4

correlation function, 333-335 % BX oR B
Coulomb potential, 137, 239 S #
coupling coefficient, 70  HEHE R
creation, 232 el
critical temperature, 292, 293 it IR
cross section, 135-143, 152 #om
crystal, 198, 212-217, 224-229 &4k
polar, slow electrons in, 310-320 b, 18 F
current density, 237 L
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cutoff rule, 245, 255, 258-260 7 W7 # M|

DC voltage, 329, 332  HWHBE
Debye, P., 295 8, P.
degenerate Fermi gas, 293-294 2] I B K A
degenerate perturbation theory, 159, 160 18 I e
delta + function, 260, 263, 264, 360 &, ER%K
density matrix, 273 FEEHE M
density of levels, 151 REREH
diffraction, 133 fif 4t
electron, 140 HF
of particles, 47-57 AR
dipole approximation, 250 188 4% 0 {8
Dirac delta function, 53, 87, 102-105, 114, 281 KHPLFE & PAEK
Dirac equation, 23, 36, 237, 255, 256, 258, 264 Il A
Dirac, Paul A. M., viii, 113 2k $I 55, P. A. M.
dispersion, 222, 225 i
dissipation-fluctuation theorem, 356  #EH{I#k & #i5

effective width of diffracting slit, 49-52 BT, fratsk
Ehrenfest theorem, 175 TG P E B
eigenfunction, 115, 146 A< 1iE bR %
eigenvalue, 115 AAETH
Einstein, A., 295, 355 ~ Z[HHFHE, A.
elastic collision, 131 14 Blf 48
elasticity, 220, 224 APk
electric dipole, 250 P H AR
electromagnetic field, 39, 64, 79, 189-192, 236-265 o,/ 3%
electromagnetic mass correction, 254 R RBIE
electrons in metal, 293 ERP R
emission, 153, 248-250, 260-262, 355 K44t
energy, 28, 45-47, 53  fEE
and frequency, 45-47 N4 R
correction, 253-256 &I
expansion of kernel, 116-117 8 7RI
rest, 256  #
shift, perturbation, 159-161 BAL, 3L
thermodynamic, 269  #J72
energy state, 84-89, 116  RER
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energy-time transformation, 102-105 BE&E — B [A] A5 i
entanglement, 67-68 2| 95
entropy, 272 ]
of mixing, 291 BE
environment, 344 57%:-5
cold, 351 %
time-steady, 351 At [a] 44 %)
exchange, 293 A He
exclusion principle, 16, 231 ASAH2E S
exclusive alternatives, 14 HEFF % #%
expectation value, 217 MR
expected value for measurement, 112, 217 & Rl
extremum, 26-28, 59 AR

Fermi field, 231 oK
Fermi, Enrico, 16 K, E.
fermion, 16, 231, 244, 288-294 /KT
fine-structure constant, 252 R A AR
force, 175, 270 |
external, 345 A
forced harmonic oscillator, 64, 70-71, 181, 232-234 Z8 R T
form factor, 138 JEAR B F
four-dimensional symmetry, 237, 258 P 2 X R
Fourier series, 71-73, 337 {83 B I 2% %%
Fourier transform,101, 153, 219, 226, 314, 325, 334-336, 351 e B v AR
as energy-time transformation, 105 an =) GE & — A (A AR
free energy, approximate, 284, 302 B i fE, Tl
free energy, Helmholtz, 268 H HfE, Z i E %
free particle, 42-47, 102, 120 H B kLT
relativistic, 35-36 iROR N o
frequency S
and energy, 45-47, 53 FigE &
of wave function, 84-86 I oR F Y
Fresnel integrals, 49, 55-57 FERFEF 4
Frohlich, H., 310, 317
functional, 35, 68 1Z PR
functional derivative, 170-173 Z RS

gaussian distribution, 52 1 H o A
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gaussian function, 49, 52 = 3T R L
gaussian integral, 42, 58-62 [=3 VN
gaussian noise, 329, 332-334 TR
gaussian slit for diffraction,49-54 07 5 v i P
Geiger counter, 3 i BA
gravitational effects, 245 5] J153 87
Green’s function, 82, 274, 363 LY INTR S
ground state  FEF
electrodynamics, 244-247 38l 12
line of atoms, 222-223 JRF £k

Haga, E., 318
hamiltonian, 79 R T
constant, 147, 308 O
time-independent, 84 5 a] 65
with vector potential, 192 R
harmonic oscillator, 28, 63, 65, 71-73, 183, 198-234, 276, 286, 313
damped, 337 FH Je
field as, 65, 69, 198, 221, 229, 232, 238, 243 7]
forced, 64, 70-71, 181, 232-234  %if
independent, 209-211 Gy
influence functional, 352-356 iz R
interacting, 205 HHEER
interacting with particle, 69-71 S FHIEM
heat, 270-272  #
Heisenberg, W, 9, 161 A, W.
Helmholtz free energy, 268 ZIBEZ B HEE
Helmholtz, Hermann von, 268 Z B E 2%, H. von
Hermite polynomials, 199-200, 203  J& ¥ £ i &,
hermitian operator,82, 86, 114, 188  JE K E 4
hypercomplex number, 6, 23 HE &

identical particles, 14-18, 231, 243-244, 287-295 4 [alk T
independent systems, 66-68 ML RG
influence functional, 344-356 MYz R
integral equation, 126, 129, 146 R
interaction, 125, 130 M EAEH
of matter with field, 247-253 ¥R 5%
of particle with oscillator, 169 b 56k F

R T
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of systems, 66 E373
interference, 2-6, 14, 56 T
interfering alternatives, 14 T ¥k
interpretation,22 fift B
inverse transformation, 111 1077
irregular path, 176-177  JTHLEE#E

jacobian, 72-73, 209, 337  AF#iTH

kernel, 26, 28-29, 109, 363 & #% T

energy representation, 102-105 RERERR

free particle, 42 H kL F

in terms of energy states, 88 BT

momentum representation, 101-102 FERESR
kinetic energy ZHE

transition element of, 178-179 BRiEJT
Kronecker delta, 86, 208 # N & 15

lagrangian, 26 hit& B H &
electromagnetic, 64, 79 L
general quadratic, 58 *Em

Lamb shift, ix, 253, 256-260 % i #

Lamb, W., 253, 256 =i, W.

Laplace, P. -S., 2 b pr s, P. -S.

lattice vibration, see phonon, &R 3h W, &= 77

least action, principle of, 26 fe/ME R B R
electromagnetic, 240-242 i

Lee, T.-D., 318, 319  ZHH

lifetime, 161  #y

linear operator, 114, 116 SHERH

liquid helium, 16, 287-294 WA

loose language, 108, 136-137, 147, 157, 166 FANHIET

magnetic analyzer, 45, 100 53 B %
magnetic field, 64, 79, 300, 308  #3%
mass, experimental, 256, 257 JR &, SLI
mathematical rigor, 93-94, 170 B2 kG e
matrix element, 145 T
for transition,151, 154, 157 ERiE
Maxwell’s equations, 23, 230, 237-240 ik R
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least-action principle for, 240-242 m/MERERHE
Maxwell, J. C., 23  E7#i$, J. C.
mean lifetime, 161 RS SE T
measurement, 96-113 ] &

and probability, 106-112  FI#f K
measuring equipment, | &£ % &

for momentum, 45, 96-100 i

in general, 106-109 —
meson, 23, 24, 231, 254-256, 260 T
minimum principle, 300-303 e /IME R #E
mode, 205 =}
molecule, 5+ F

diatomic, 139, 140, 198 UE A+

polyatomic, 140, 198, 203-208 X JFF
moment-generating function, 325 BB A R
momentum, 28, 44-45, 47, 53 shi

amplitude, 96-102 &

and wavelength, 44-45 K

functional, 187 1Z PR

measurement of, 96-100 &

of photon, 242 *xF

operator, 116, 185-187 B

representation, 96-102, 185 £%

space, 98 %5 [A]

transition element for, 184-189 Bk T
Newton’s law, 175, 251 4
noise, 153, 327-336 Mg

classical, 351 S

correlation function of, 333 > Bk pR %

gaussian, 329, 332-334 f=3 1
nonrelativistic approximation, 237 B A8 336 1
normal coordinates, 208-211, 216-217 18] 1E A8 B5
normal distribution, 50, 52, 331, 332  EAS T = BT
normal mode, 205-208, 295 & IEA&E
normalization,H — 4k

avoiding, 60, 62, 72, 134, 247, 281, 284, 315, 316, 325, 337

of wave function, 82, 86, 89-94, 244 TR B

statistical mechanics, 268 it 127

[a] 2
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normalizing factor, for path integral,29, 32-33, 61, 78, 178, 193-195, 209, 215, 275
— Ll ¥, BERS

observation, 7-13 Pk -3

operator, ix, 79-82, 112-117, 170, 184-189 B
orthogonal functions, 86 1E 3 Rk
orthonormal functions, 86 1E 38 5 — pR £

particle, 2, 3 L
partition function, 268-273 Bic 43 R %K
for bosons, 289, 291 B & F
path integral for, 276, 280, 287  B&RZRAH4
path, 20-22 iz
irregular,176-177 T
path integral, 35 X SE A
benefits of, ix, 357 4k
disadvantages of, viii, 39, 83, 294, 337, 356 A F]
double, 342-345 WE
field variable vs. normal coordinate, 228, 236 3% 728 5 8] 1E AR 4R
Pauli, W., 16 HFl, W.
Pekar, SI, 319  filFk, S. L.
periodic boundary conditions, 92-93, 213 JE HA i 5 44
periodic paths, 284-285 k2
permutation, 288-293 g
perturbation expansion, 120-129 W R I
degenerate, 159, 160 &7 I
time-dependent, 144-161 Sflal A %
time-independent, 159-161 5t el 6ok
perturbed potential, 125 P B
phase AL
change of, 45 AR
of path, 29 &4
phase transition, 278-279 AHAE
phonon, 222, 231, 294, 295, 313 & F
photoelectric effect, 153 6 L 28R
photon, 231, 243  JLF
Pines, D., 318, 319 K JeHr, D.
pion, 231, 254, 260 T
Planck’s constant, 10 TR
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Planck, M., 243, 295 B 5, M.
Plesset, M.S., 230
Poisson distribution, 323 MER/NvaiT)

polar crystal, slow electrons in, 310-320 Wtk Ak, 18 B F

polarization, % &

of light waves, 243 KK

of vibration waves, 224 W= 3h
polarization, of dielectric, 311 WAk, 4 H
polaron, 310-320, 356 AL+
position measurements, 96 o7 B I &2
positron, 39, 240 EHF
potential energy, 26  #VfE

effective, 286 ER

expansion for, 62 JETFF

in momentum representation, 102 RRR
power, Tjj #&

mean, 335 ¥

noise,153 e 7

spectrum, 334 %
pressure, 270 FE
principal part of integral, 103-105, 156-157, 253, 360
principle of least action, 26 B/AERERH
electromagnetic, 240-242 FH, i
probability, 2, 19, 361  Hf %

distribution, 323 il

of a function, 323 PR $

of transition, 148-152, 248-250 BR 1

relative, 43, 51 iEDG)
probability amplitude, 6 HE R IE
product, 3 1

of amplitudes, 38 &

of momenta, 179, 195 ohi

of position and momentum, 176 i B fsh &

of positions, 181 7 & #Y e #1
propagator, 363 fERE R B (548 T)
pulses, random, 322-324 Jik w1, B AL

quadratic actions, 182-184 ZREERE
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quadratic functional, 184 ZRAEIZ R

quantum electrodynamics, viii, 65, 69, 236-265 EFHEI ¥
fundamental assumption, 230, 240, 243 FHAAE &

quantum field theory, 69, 229-232 & -F3it

quaternion, 356 Vgoc &

radiation field, 242 44

Rayleigh-Ritz method, 307-310 Fi Ml — Bk ik
relativistic symmetry, 237, 258 A R i X R

relativity, 35-36, 39, 102, 139, 229-232, 236-265 A8 5t
resonance, 161 H:AR

retarded waves, 251 R

Retherford, R.C., 253, 256

rigor, remarks on, 93-94, 170 TR, VR
root-mean-square (rms) deviation, 52 ¥R R %
Rutherford cross section, 137 R

scalar potential, 79, 189, 237 PR
scattering, 14-18, 121-153  #( 4T
Schrodinger equation, 22-24, 58, 76-82, 129, 195  EEEI1Z i 2
Schrodinger, E., 79 EE TS B
Schultz, T. D., 319  &F/K¥%, T. D.
Schwinger, J., 173, 258  Jii&4&, J.
separable systems, 66-68 OB RS
solid state physics, 279, 293, 295 [ {k% #
sound, 225 il
speed of, 222 i
spherical coordinates, 173 BR AL 43
spin, 6, 15, 23, 39, 231, 255, 264, 289, 300, 356 H fiE
standard deviation, 50 by e 2
state,57-58 KA
energy, 84-89, 116 e
entangled, 67-68  £4i
not definable, 71 AT E
stationary phase, method of, 132 [ %8 AL, T7 1k
statistical mechanics, 150, 268-298, 341-356 it 1%
steady state, 84-89, 116 E R
succession Ff £
events occurring in, 36-39 KB
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of velocities, 189 3
sum over paths, 29, 31-35 B
superconductivity, 294 5
swimming, 296 W vk
symmetry, of crystal, 224 Xt FR M, Rk

temperature, 268, 348, 353 B
critical, 292, 293 [
thermal equilibrium, 269 HOF-
tightrope, logical, 13 %, Z%#
time-of-flight, 96 KT H} [E]
to measure energy, 130 & 3 jk
to measure momentum, 96, 100, 141 & zh &
trace, 273 b7
transformation, 2
energy-time, 102-105 fE & — A
of coordinates, 68 A 4R
transformation function, 96, 111-112 7R e bR £
transition amplitude, 109, 144, 165, 168, 202  BRiT#f K i@
for hamiltonian, 192-195 T 28 0
transition element, 165, 217, 350 Bk T
powers of velocity, 179 =R
product of positions, 181 (A=A E
transition element to operator rule, 188 BR 1F 76 B B 457 A )
transition probability, 248-250 BR i #E R
traveling wave, 222 T
trial action, 308 RIFEEHE

uncertainty principle,9-13, 52, 54, 176 I AS o i 3
time-energy, 85, 148, 161 B [A) — e
unit cell, 224 iy

vacuum energy, 244-246 HESfERE

variational principle, 296, 303-310  ZF 43 Jf #

vector potential, 79, 189-192, 237 K H

velocity, mean-square, 176-179 S

virtual state, 157-158 HE A

Vol, 89 | %

volume, as normalizing factor, 93-94 ®E, B—HETF



EpxREMES

- 315 -

wave, 2 ¥
wave function, 57-58 I o %
complex conjugate of, 109 B3
entangled, 67-68 2 i
not definable, 71 A0 E
wavelength and momentum, 44-45, 47, 54, 99 WK fzsh &
weighted average, 166 A2
Weisskopf, V. F., 256  HHFI %K, V. F.
white noise, 153, 332 W
WKB approximation, 63 WKB i 12
work, thermodynamic, 269-270 Iy, $J2

X-rays, scattering of, 138 X B4R, B
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