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PEBEIR FMIRE | BREFPRE £ BB R A STER RN
B A R RIEE = 2n(h)2(2n0) 2 juw|whd

BRESHHETMIRE b RREBRE | 1967 RUEHER (X (4-1) ARE.
HWH Jug| = |uw|, REREESREKIFEE T, XFAXRREAH. AR
n(w, 0, @) BRI 5 AR R B N AT B, X B n(w, 0, @) 2 o7 8 4 SE D TR AS
HIMER. RGN E dw FSZIEMA A2 WA

(2mc) Swidwd R
PHTFE, BAEX N X EFERMETHRHRE
P(w, 8, ¢)dwd? = n(w, 8, ¢)(27c) *w?dwd R
H n(w, 8, ¢) 3~ 1R B AE R N
BRI R/ = 2nh 2wk > n(w, 8, ¢)(2nc) 2w, d2 (4-4)

WA UBBENT. BN n(w,¢) BEFEHSEOBME, EXALHKK
T b IR REAEARARZE O T BB AR, X (44) 5 ARBHER
xH



- 10 - —. XEVRHNBEER — BFHEHNF

BEONE —RERE—ET (RS R —DMRARE8ET) K8
K = §# A Z RS AT BB B R
THECRE B, B SREFEEFAREL T — 1, RE n(w, 6, ¢) BOSEA
RN T HHF3E, K (4-4) P98 2 IETH ).

R B AL T RIBEDE TSR AT A, h TRIERX e, AR
GETHALE R 1/2!. T R MR RS 6 T I A A R SR T AR e LA e
BIRES TG, RASPRIMRES I TERA TR M &
MG TEFH =06, HHEA R — g, W AT g8 & 4 F /A g (L

4-2).
l l {
K 4-2

= A ST AR ] — A X BT RE B i, b A o 4 TR U AY O' F RT L AR
. WIASRGE T RER 1/3!, KSHR 172! i 7 69 IR 8 B 2 8% 7o 2
RIEH 6 5. TR, REMEREE N MESEE - ATFIEH (1/3!)(1/21)6% =3
fif, — R, HEMEETEAR n DT, MHKRTHERE BT
n . EIL, Y n(w,0,¢) BRGNS TFES L FHREFHER, X (4-4) 752
IE 1.

ASHES AT UIERHES - FRRE. XBENSR (BF —-AH
HF) AT BB RN, tE 4-3.

—MHF AHFBIREF LA BSR4 BE 6T k. REGITRE R
1/2!, Bt 78 A6 I iR R 3 LA 2, T DA 33 i AR A6 & S MR R ) R R O I B AL X
Fn MABNEF, EAFEITNESRE 1/n, RKEMWSEITHER 1/(n+ 1), T
PR 8 2 A R R SHRIEE (n+ 1) 4% Hik, B ESHERE B &R SERK

(n+1) £ " LA, H i n ok B BRE 3R 1% 4, 1K B BREEE
B &4



& 5 i S

B Ry 1 BR X M R B BT B BB 28 18—k S B 57 O JEDK — N6 F, T BR
MR R T ZBRIBE T, BBAKENNFERE n N FRE, BERET
1E 3 B9 W O BR S AR, R T — b S FEKEA 0 AT (RIBKT
V). X 20 BUAR 5T B0 1 BB A AR R RE. 7RI ER IR T, RIBUR DLF 51 3
ERMMITBE R LER: B R— RGP RLRGER. B, 4E n BT
Bf, IH—4b R nhw. SR, FIX AR 7 8 518 R B IE 8 B9 & 5 BREAE R, 18 ok e A8
RIEWTF n+1. HEHRE T2 7RI R M G L5 782 2 058 5 H
wrh, &SR A &Moo — RIS IES R, K a | Lo 880
WEE K Planck 437 A A B IEFR 5. Eeinstein 55— R L MIBIEF H T X
HXR.

£ 5 i
18 AR {ed o Y i 43 RE Y
TEAB R Bl oA S 9 JE R T 2
wif=/¢F$¢idV

@i 5B @i, vir, 0. I
BRI ~ 2] + |vie] + ||

1 % 5 U S ol O 2 BB X SE 0 B T R T B AR AR IR E Y. BN, FHRS KRS
IR F AT S & (BRXFR), W 2 = 0, XEAREZ B B BRIE R B 1.
T P AR S BHERE, B o #0, FrUBKRER “RIP 1.

— MR, Xt B BRIE, e E R AL = £1. AR o,y F1 2 S
& Legendre ZTR P, SiBEHR X Q. EXSHWHEARRE n, WERBE
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& P, fH

P]P on +1[nPn 1+(Tl+l) n+1]
B, BEBETAETE, REANBLME n+ 1, FURBWEREHESTH
Pn+1 EZ Pn—l-

MFEREF (2T —AHF), Hamilton &2
i Z [ a;a)] + Coulomb Tiii

2

Jmn | » F AR FIR X R T B P A T AT

f9. 1E 0 2 uEBA B9 AR B, %’%’ﬁﬁl‘ (Pa)mn 5 (Ta)mn EBRARF . B LABRIE AR
KRIEWLT

REBMBRELTF |Pral® =

2

Z(za)mn

[o3

Ia’1'rm|2 5

FF 0, PIAS L ) 4 B T 2
/TP? (z1,®2)(x1 + T2)¥s(T1, T2) A>T 1A 22

TR BRBERE B, o1 + 2o MIMER B FREMA B MR Dk 13 k%
MR Wik S5u5RFEEHELIERM, MM (21 + 22)Pi(z1, 2z2) 7T LUE
KRFRE (BT + ‘D) RGER B R RS HN S M shi K a] fEBUE A
S+, M T -1 HRUCSESHHIE J BX=MEZ—B, EETA AR
F. O DA A B E R AJ = £1,0.

FAR.  FREE R —FMER B 5 R EETA AR R ST B AT
J A X, IRED, #

Y(—z1, —&2,- - ) = +9(x1, %2, )

W= FR A8, &
'w(_a:la —L2," ') = _¢(w1,m2, e )

W e HR A A
MREBBGECREETREERSERER o= 2/, M

Tif = /zﬁf*(w)wwi(m)dSm
= [vi-a) e (e
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A Y BFRS o KA E, U
it = —i = 0

B LA T O EN: £ RFBRIE P, FRUOPSRAE. X FRBEFRF, LIRETF
PR B AL =0 MERERZE M. EZ B FIEFH, L APEFHR (A FK
A A B B AR, TR Bl R BRI E), IrA AL =0 BRI 21
LR, SRT0 0 — 0 MBRIE SR B, X B F e F B HA — AL
W fashi.

B Bk R 4 A F R, BARMFER. XA LIH (A ) v
FHBREFHRAMFMERATALZERH, BE HY(z) = Ey(x), LHE Hy(-z) =
Ey(—z). Bk, ZHZRERARBAM, EF ¢(—z) = ¢(z) XHE ¢(—z) = —y(z).
FHERBAK, W ¢(—z) # ty(z) BATEAY. [HEE LR T HMELREA
B2

Y(@) +y(-z) BT
(@) —P(—x) FFK

AL MRS E WIS T EE BB i 2R B AE R
HARE—VIER TFHELX K. Bl LR EWKRE: XMREMF AL
RERBAFWELENERBZ, BARLRK. X, WRAREREE®E /N (F

BEBABOLT, 58 KR iE T RB R K), @A 28K E &4 SERERE.
FE JLF- 7™ ¥ B9 5B R T

/ Vi (e ple K *ydie

AT DU R 1 ACER e~ e I B A TR R, UL A 3
ARFE, BEEMBRLE, R, F—KEIUBERIER 1 -iK = % e K= 4/ H
4 BT N
B, / vi(e - p)(K - w)yd’z
ST 2 7 EEE, TG « 70 B, F R R
ik / 3 (pe2)sd%e = —iK|¢(paz)i]

BREMEIE KT
(K)?|¢(pz2)il®
MEBBEM T EERT
(P2 )il
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2
B, PR L B BREER E R (Ka)? = % B2, /N T EARE L b Bk
TR o RETFRERSE, » ERIHEK.

3] R ik BA %
o) el = (E) Cat 20)
HEEIEH
[(%) (le =+ mpz)] 5 = (zz)mn(Em o En)
HE pez Al LAE A F m JLI Z Al

1 1
Pz? = §(pzz + zp.) + §(pzz — zp,)

B 0 6 3 F AT 40, poz OS5 — BB A4S T AN 5 oo 4 (22— 2K), BL4T 2
T itd 2, SN B R 5 R AR L, TR MR
1, SR o 8 1 U SR, P B T — B B BB R U A — £2, £1,0;
B TR . KRR L PURR AR Y. SR T po 55 = BB 4N O Te e M2
AJ = +1,0; BFHA. MR 6B H ROV RS RS. R Rk AJ = +2,
75 U7 BT B DA £ 30 8k SRR 025 ALK IX B T2 SRS 5 AJ = 41,0, RLAES
SSRGS AT, BRI 5T BERI B 2 2, 7= T

A oL O A 00, R e B U, A % ok % 10 — 1 B9BRSE R

FRE (BPfE AT ATLAR +1). XEREAEXMHER T AR EHEASIRR BN
22 FEK.
EEEEBE RN EM, ARMUGHER TS HAIENREEL (B
FHZE) UAAESEZHHKT BASEMFREENEEEN (& 5-1).
Ll EAEERHEZHRT, AT BEFEN S BRBEE, B0 LA 8 i
5Hk
|Je = Kl < U< Je + J;

2! REWMMBK, | RAZHRMREEL.

MEGREFHRREBA (1) BRAKTREZ RN Jr — Ji BIBRIEFR
N FRAAERE. 7T LAIER, X RREF, AHFER -1 BELXKP SR
BRI R KL AR ED . FRTA N (—1)7 I RBRERMKA |J— | +1
B BRI A F AR A FI BRI, 7EXREBRIT H, B8 7T REA Xt

1) X FIRFE RS v HE, X R AX, X, fi T — 0 A 05 R R E, X 2%
T AL B 4 — AR, R A o
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o1 RIFXRREEEFEN
ZHEK | BEK  REES Bk i VU 1% AL\ %

i e ') gAY 3
Ot F BRI : |
{ﬂs M m, & %
(sHm| = | A% A | & o
2557 i |
} Bash| £1,0 } £1,0 +£2,+£1,0{+£2,+1,0 +£3,+2
KT RGW | :
q B AR | | + 1,0
Bri 2 el : :
i AT 5 i
K% | K00 K00 K0—0 | F£0—o0 F0—0
| ogibhag AR SR
[ i o i D e WG
! 01! E0—1 % (REX)
£ 6
ESTE

SRR GRG0, B RGEH o, TR (BB LA & &) L E
oK o i A X R T HOR
% - gl
HA R ER hw. B RGN, FALRE N b TRBOEF hw A k
AT INEFRLARAFETH TR FIAS 1 28 k WEFH MRES
ST ERPABR w KEF n, A, BARBMERE KT n,, &5 HRIEH
F ono+1. XH

Ngn, = Ny(n, + 1)

B
nw+1:ﬂ=e%
Nw Nl
1
Ny =

XHL 2 Planck F) M8 44 58 5 43 4 € 7.
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FHE S

BLAETHE A SHOG F 8 F U B3 5 m e R (KT REA I RER) (LA
6-1). AT LUEXF LR JE F RIS O6 7 F & 5 1 BDE . R hRER
BIASSEF AT RERER:

2nhc?
w1

2
A2 . 2mhc e2e_i(w2t_x2.m)
w2

R BRAERE T N, EHIE A=A+ A EHT, BUES k BETFL
FRE | OB XAEMBREB R —H, ATLIFA A RHH.

Ay =

ele-i-i(wl t—Ki-x)

& i 1 i E .E
Al = 0e™ i T — %/ e“TL(T“'“")Uzk(tg)e“’—n“tsdt3
0
i T pta B4, Y
+§zn:/0 /0 e ek =t )Uzn(t,;)e En (t4—t3)
“Unk (tS)e_iE"ht3 dtzdiy
AR AL, LA K&
£ e2
. g (%) (p-A)+ (2mc2) (A-A)
AP HEET BIE

& 6-1

HERE A WENBS P, XBNMRATHE T HAE R HIA K X
BEAELR—IMHY>F U p ATIALTE U THI, ’H A A= (A1 + A)-
(A1 + Ap) RETBRA URALIN 24, - Ay, 55 O BH A- A BT, B¥E
W Z M. B —TAERE T p- Ay M Uy MET p- Ay ) Upee. 56 TR HE R
Fp-A B Uy, MET p- Ay 1 Ups. 7530 3X P10 AY B 8]0 AT B R
*. Z2EHE 6-2.
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A-A

0.2

& 6-2

Xt R B 5 — I AR 2y, BULEAE VR 40 I B 5T

2mthc?

(P . Al)nk c— (p 2 el)nke—iult
w1
2mhc? <
(p 3 AZ)ln L - (p . 82)lnelw2t
R 2
Z (p ez)tn(p el)nk/ / "“EL(T ta)+iwats

n

.e‘l‘ﬁ‘(“"a)—““m ce BBty dt
MBS J AT LAY H BB MRS B 25 5 i BUA. LSRR
; A
' sin (T . E)
; ﬁ(l) “e)in(p- e2)nke¢ (Ex — En+hwy)- A

A A=E +hw, — E—hwy, FEMMA ¢ 5 n 5K B RIS REHN
WEERN E + hwy = Ep + hwy 81§ OLA 2 BB, BT LA W %58

(En — hwy — Ek)(El + hwy — En)

BT, R R
BT B/ = 2 M (“’2‘”’2) e (6-1)

A H M| R Au 3t wp BRI e KPR H. XHEBE o KTER
B A

(p-ex)in(p- el)nk
2
(Td R mz 4 w1 Z Ek: + ﬁLL)l
£ € 1 Y
+ (p l)ln(p 2)nk + mc2 (61 & 62)6”6 (6_2)

Ey — E, — hws
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KA Pk A MARTH B0, FTORE 9H 0. R4
MESHRE—TKA A- A

# L # k, BRI T 8, HE5 R0 “Raman AN 5 | = k, SIS 2AH
T ).

MEEE WRAARFLATES, HI1#k BAEFieE S8 M, m

e HBBU A, X 45 “Stokes £k, A AR 7= 4 “JX Stokes £&7.

B w1 = wo (FHTEGY), hwy NAEHEIE Ex — En, X8 E, BZJEFH
FEATTRERBLL, MIZEXT n MR AP A —TARRAERE K, SHAWTAE L, B &
FELHLAL, XN RARR SRR B o —w Bl TEXFERN w 4b, BIA R

PR KE (WA 6-3).
|
|
I !

E—Fx Ei-Ex w
h h

A 6-3

FAFRAT A 180 24 AT DASK AR B9 Hr B “He 0. IE fnoxk H At 25 Y i 18U
—FE, IR HIHI T A B9 HURDE AT DR E.

B #E

TERTHE) 1P HE B A — DR T R — 08T R
—XTFH AT REYE. X R RBIXTMATC Ap. HBOREM T RRE B 3. 7T AL B

(p-€)in(p-€)nx K 23!:
B E Ek— —w) (2nh)

Hrh e BHAbm. RS R LB, B OHESHEHRED & 834
XERERMOBUBN M ARERLRE EARTE LS ABEN. UG R
T8 a0 4] 38 P X A JC PR K A9 B RE R A, W45 R R BB R B R AEEE MR
3 AE. Lamb Hl Rutherford & W82 3] ix —# 3.




—

BN M IEERFIEN FEZLIBHE

g 7

X R, MR SWA XK —FLURE o Sz s, N g hHE
AL LR —HHERHI,; 20, £ — 1AM LLERE o (B, 2
X FFE DY RO ECT S A3 E) S #E s T N, A LKA
PR E 0 v bR B 9 SC K IESE. Newton E & B X AR, BATE
Gallilean 7% #t

sl iy =y Z=2, t=t

TAZE, AR EMNREE KM RMEXFZERT, Maxwell 7 #2248
fr.  7E b 45038 A B 00 T 4 2 4 1R T bt ol 2R SE M BK ) 46 X 3 2 (Mlichelson-
Morley SZ4&). {H B A KW 35X 2007, X F B Einstein R%: 7EE ] 245 &
W, Maxwell 7 B#EA R X, F0l 2, EFALIRRD, LR —F
i), PRFF Maxwell 77 2 A28 1) AL FRAE i /& Lorentz 28 #:

. T —ut

= = gz coshu — ctsinhu
it
hwE
Y =y
Z =z
v
N z,
t =———2=——smhu+tcoshu
c

Hrh tanhu = v/c. DU ABOEEH 1 g9t B B, Fi&s XM EE—2
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J2 ol T 3% A e 7R e 5 e R i 4 R A 4B,

z' = zcosf + ysin b

/

y = —zsinf + ycosf
AR v F ovp (BRE A w A wo) MMM EER: &
v3=1v1 +ve B tanhug = tanh(u; + ug)

M| BB vy BR uz 7R — LS RS, Einstein B (765 LA XS )
Newton & L& K, DL HTE Lorentz 284 Tt A 2.

Lorentz ZF# i) —MRA BN MWERE, BB RGP, BT AE18; FRZH
R R Rk, Sk BT EIT A — 2R RB S — R BB ER T ER. Hi,
EX—HUANHERIWE, ENNERE z,y,2 F ct —F. AAF p RKb5id
% BRI 4 B R BE—A. #ant)

) =2z, 2 =Y, I3 = 2, 2:4:t

BNk PEYUES

0 0 §) 0

0
je Jy  J= P JuFRYL (EAT) W
Ay Ay A, » A_u,ge (*ﬂ*/i‘) #

2 Py P E pIRAMEER

A B RTE Lorentz A T AKEMER. R a, b, BEFE WK, W T

a-b= Zaub“ &= a4b4 = a1b1 = a2b2 T a3b3
i
RAZER. A@EERMS, RATRRMAE: HANHEHERES SR
B, EXTERA, FES -  F_MBE=ENER RS BEEHEITRE
AWER V, g, R WX, 5 T U ER Lorentz A28 #:

Vi = Vaja — Vij1 — Vajas — Vajs
3p a]:c 8.73/ a]z

=9t 0k By P2

1) ML, R c=h=1 KB SFH 9 Ik
2) XE FEROFEHLERKNEER
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HEBEAE—DREHFE MWEETAEREPHTFE XL LR R —
VOERE V- j KAREHKESR. B AERE

pupu=pp=E*-p2—pl—p=FE*—-p*=m

(E REREE, m Z#FIERE, me® REILER, p RSIE. ) TR

2

E? = p? + m?

ARG B R B BT 3 PR 2R exp [—%(Et —p-m)] A HE AL A A B, R
T

Et—p-x=FEt —psT — Dyy — P22 = PuTp-
A pup, BARZEHER LR E R B B MO R R (B 7-1) WA, HiFHlk
T, LA 2[R A 5] 5 fin LA 58 B

PPy = Elapm = Eg +p?)

O_’_, Enap Q O By Ey O

sk kb
LI RS G RERZ
B 7-1
i}
po = By —m?
Fr A
E]abm = 2E§ = m2
1 1/2
Eg = |:§m(Elab + m)}
B 4 10A
REGHEBEN NN TR B=VxAME= TRE Vo Ak BERXE N
04, B4 -
B = 5.5~ 5t = ~Vods +Vady
L
B by o et Vel
oL G D
s e TR - iy o

S 1 Oy
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B wa
E: = -7 aq; "Vl Vet
04, 06
Ey_—a_t_ay VtA +V At
94, 0p
Ez——a—t az VtA +V At

HApRMAT ¢ 2GRS A, WEMNSE. AT W B,, By, B., Bz, By, E,
ETRHKERNSE
F, =V,A, - V,A, (7-1)

IR BERRIXFRE (Fuw = —Fou), AT (b= v) AF; ZAEMAE AL
ﬁﬁ (E =58 B =40 8), AR A

0 =B, e
B. 0 -B; E,
2By BB =00,
By iy =2y D

F =

MaxwelljiﬁVxB—@tJ—k *I]V E=4np 7] B}
Vp,Fy,u = 4”.711 (7_2)

X v =123,4 B j1 = jo,j2 = Jy,Jza = JzrJa = p. T p BERMA AT,
v=123 BRIREFBRO="DETRE, v=4 X NBEHE.
LR (1-1) RATFTRE (7-2) EEBIF A, Pk w7 &

V.V,A, —V,V, A, = 4nj,
R A, A EME—rY, BN
AL = A,_,, = V;LX (7_3)

(x BN B HE—frE R B e XK R. #X fh A8 4k 5048 B fk b ALE
¥ (XS THEERAE). B3 BECK A REET EHEREH
J2 fri8 Lorentz &4V

V,.A, =0, (7-4)
MTEHE G E. XRITER, HAER A, BB LR
(V- V)A, = 4nj, (7-5)

1) XM ARETE2RE A BIOMITUAEEWRE Px =01 x REHE.
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WAV -V=V,V,, &AFH LR #

2
VA - E;)T? = —4mj
82
V3p — a—t‘f = —4mnp (7-5")

ARIEFE (7-5) B O%4, = —4nj, (0% £ d'Alembert B4, 02 = V2 -

2
(%) =-V.V). FiEMHRE VA, = 0 LR ANIFEL S 3h 1 % Bk i

04 )
V-A+5=0 (7-4")

& 8 i

E = 1 Maxwell 7R
FEHEZE D, B RE
O%A, = —4mj, =0

L T 4 A% A

A, = e,te“”“m
Here, Mk, BERE, k, RAZMH
kuk,=k-k=0

XREHEK V, ERTE e LS TFRE ik, (B HREMALIR, V, 3 e, Tl
H.) XHERFA
DAy = ViV 4, ) & Bictake i)
= —e#(k,,k,,)e-ik'x
R EXEEEF VA, X ER_NKE, V.(V,A) BREHKE, RExt

6 v R E—Br kB RV R&.
k, e R R, ENSE

ky'= (W, K4, Ky, K) = (w, K)
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Fir LA 358 H i 5
exp(—ik - z) = exp[—i(wt — K - z)]
Mk k=0 BW®HE
Ww-K-K=0

5] A: UE# Lorentz & V,A, =0 @& H k-e=0.

FE=4Ez A, AR TR R R e R k-e=0, 2 5H 6=0. H
XA RME— %M BVEREMIMIBAER, EATE—MRIRRE PR X
RPFRE—MEE, BREEME - K. e=0 WNAZKRE &, MX5
XS RAFA M. AR HAEZ R AT LIS B 6. B AATE AT UE RS
i, 3 F, REHKRET e. FTUE—-MFHRLIFRD, ZHFE K- e=014
LT R E AL

MG (7-3) 2

A =A+Vy
L)
XA x BAnk. miH,
V-A=V-A+V.-Vx=0

I IES
D%x =0
AR 4 Lorentz &4 (7-4), V- A=01N8EMSL. W HRBE B x = ice %<, FFLU
A, = A, +V,(ae™*T) = (e, + ok, )e7*"

AH o BEEFH Bik

€, = €y +ak,
EHAE L REDOFORAERE FH-BYIZS

e =e+aK

ey =e4 + ow
XHERBFRAH AMIRREG, BT LLEEEH o ETFARF

2
K-e'=K-e+odr(-K=K-e+O‘Ci2
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TRVERE, HAE VLW T IRFFAE,
Fl, = VA, ~ V4, =Vu4, +V,V.x - VoA, — Vo Vux = F,
HM AW FEXLEE, X V,.Vox =V, Vux.
B IR F S F
4 B EESBRAR MRS RO F Ik EHRE. BRI 8R
d—s“ SRR, RHA R u,:

az, _dt o ds
ds ds’ ds’ ds’ ds
A
dZ, = dt,dz,dy,dz

R F R R IE. ds B2ER, HE XH
ds? = dt? — dz? — dy? — d2*.

¥ ds? BREA dt?, 15 H R 5 24 i 2 ] Y o6 R,

ds 2 2

I 3 3 BE 43 B e D
dz dzrdf Vg
ds  dtds (1—2)1/2
dy Vy
ds (1—02)1/2
dz Vs
EE (1—2)1/2
dt 1

p PRy g
B uu, =1, HA

2 2 2
1 va: vy vz

1—v2 1—v2 1—v2 1-—92
1—n?

1—12

UpUy =

Py g & i E XA
i 5 m MUy MUy muvy
Pu = muy, = (1 —v2)1/2° (1 —22)1/2° (1 — 02)1/2” (1 — v2)1/2
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m

EX p= A=)

RERER F AHEHETEMNS, siRpHh
p=Ev

R v 2t A B E. g
555 B AR L, 38 E(ﬁb%) EXH T BARERMEE. (BT f, ¥
%Y R

_ 9o
fﬂ_ ds
E 4R
_d my, \dt __ Fy -
f“—dt(m)ds‘m’ ke

X F, BEET, BUSTRE

d m
foo _%%@m$_&(ﬁtﬁ>

R = N e R V1 — 2
XA A m/v1 —o? 2 ARRE, DLR G # i X
d mwo
_m v? 1 dv?
g [(1 o T —v%l/?] @
mu dv d m

TA—2)BRdt dty/I-o?
WEHES B fi BRIXK, Newton 752 B AH X i8IS #E 2

d d2z;
E(T’#) =fu=m dSZM (8-1)
3E ) Lorentz J1 &
F =¢(E +v x B) (8-2)
B R AL R R
F.-v=eE-v
SR G, BRI DY 4E R E X 1S
e
f_-———-l_vz(E+va)
A K
E E-v

f4=(—1——v5)—1/—2
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A EH EHRAHM £ f, REREN T
fv=eu,F,

it LA Newton J5 2 89 48 Xt i T8 =X A8 B%,

d2Z dZ,
migt = e () Fuw &3)
P W 2 B 2 2
d dZ
i [(T) ] &
W EIE S, BN
d
a (\/—%) = e(E + v X B) (8—4)

BH ) A Lagrange 77 2
oL 8L _,
)~ (e

L=-my1-vZ—-ep+eA-v (8-5)

A] PAJIEBH Lagrange &

SH EREHFE. ¢ IR 2—5 4 Hi:

- muv
= 1- v2)1/2

+eA
FH B A Hamilton &2
H=ep+[(p—eA)?+m?'/? (8-6)

EWRE (H - e¢)? — (p—eA)? =m?. RAEH Hamilton J5 5745 K AT X B W
$RRk, HREB/NMEFBRIEE ENE S = /Ldt MR /IMA. ) ¥ E BT
HXRIE R E s TR B ERERR N

Si=: /Ldt m/ds-}—e/A (dZ)
o sl

da




- 28 - T RNEMEEARER T EL R E

HPEH 2 TEX
ds\? dz,dz,
(E) " da da

da do
BBHRED—A EHE, €A

3 dz,\* dz
' = %/(d—;) da+e/A“(Z“) (d—a“) da
ERHETE S HRIKME R
5] #: (1) UEBH Lagrange & (8-5) Bz 3h 5 & (8-4), MM #Y Hamilton &
J& (8-6). HHk p WFRKX. (2) IEAIEXAHMIERE S A/ 8S =0 th
SHF— B (8-4).



>

BX iR KB 771

B

£ 9 i

A JE R B T W 295, BATRE SRR | B ) A BE B A

(c = 2.99793 x 10'%m/s)
(h = 1.0544 x 10~ *"erg/s)

c=1

=l

R O-1IH TR BASERLM IR

®9-1 HESMEAM

nEN S b Rl 4 % % ic 5 /G|
m L F R m
AE& mc® 510.99 keV
e me 1704 dyn-s
G mc? [k
BB me/h
% KB h/me 3.8615x10 1 cm
(Compton ¥ ) /2%
i [A] h/mc?
e? K 40550 B B (R W) e?/he 1/137.038
e?/m B F B2 B 12 e? /mc? 2.8176 x 10~ Bcm
1/me? Bohr: 42 ao = h?/me? 0.52945A
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T3 BUE = A
M,= i F A& = 1836.1m = 938.2 MeV
JRF i & #A7 =931.2 MeV
= QETFHEE =1.00815 i & 8§ (7

M,= " FEE =784 keV+ My

%4 T=11 606 K i} kT=1 eV
Na = Avogadro ¥ & =6.025 x 10?3 /mol
Nae = 96 520C

Klein—Gordon. Pauli 5 # Dirac 51
A IS LM S % Hamilton &2

H=+/(p—eA)?2+m2+ed (9-1)

MRRET %8N —iV R p, WIF 7 iRz 852 A E K, B LEMN
SRR (9-1) EEHB M IS8 F /1% M Hamilton &. R AT LA E LB ¥
(9-1) BFJ7, B AL

(H - e¢)® — (p— eA)? =m?

0

M2, R H =iz, W

R LN (0-2)

c

B O A E R B AR BT B . Schrodinger B A6 & B
Jr A B AL AR X Ie AR T AR AR R Klein-Gordon 5 2. FAH
XS, BN

(iVi — eAu)(iVy — eAu)y = m*y (9-2')
XATBRAE BB B TE#REE O ASH. ms R I0EH
AT a it F — —MHEBEHEARKET. ATESENEREFHNA, 2

A=0,¢=—Zelr, H% ¢ =x(r)exp(—iEt). TRIEERHN
Ze?\?
(E+T> x + Vix = m?x
A yHdE
S E=m+W, Hf W < m, #ﬁ)\V——T,%

5 dor Yoy vy
(W V)x+2mV X = 2m(W V)*x
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AR £ N T A — TR T, A8 S Schrodinger 1. i o (W — V)’

Ve R AR HAT LR i SR F R A WA, 35 EEH#HT
% 3] : Xt F Klein-Gordon 77 2, &

_ 1/ .0y Oy ol
p_§(¢ W at)_eqbww — AR

j = 5"V — YY) — cApy” = W

RIGIEM (p,7) BIEK, H V,j.=0.

Klein-Gordon 75 72§ th B — 45 3R, 76 B 5 — K B8 7 ok A, B R &
MK A A, U TFHANERFT X FENE IR R EFE
RBEAS M AT BEYE. N T & ) Klein-Gordon H T S XFRER, HE B HETF
77

0% = m2y

H 0% & d'Alembert BF. #HHNEKMS, WITBRAEM v = Aexp(—ipuz,),
He pup, =m? BANR

PuPu = PaPa — PzPz — PyPy — Pzp- = E* —p - p,

iR
E=+(m’+p-p)'/?

BT RBRAEEAR T E E, {18 Dirac &8 5% B §H X8 3% 30 #2. Dirac
FREWS SR FRA FHAEH R EFHK, MHTHXEREF. RS
Dirac REMEYE, H BRI T ABRNAFE. AENAEBRCAE THE
HIf# B, [Fl#E, Klein-Gordon J7 2 1 i £ BE [n] 1 1 15 2] fife .

% 3 : IEBAFE o = exp(—iEt)x(z,y, 2) & A Tl ¢ J# BB ) Klein—-Gordon
HREWE, R4 Y =exp(+HEt)x* BH -AF -9 RE A M o FFHIH. XE—
b il B fA BB AR A0 5 K. B R S R AT R e, BB B A [R] BB Y AR

Rk #E T Dirac M, EMKRA T 5 —# 7 K. Klein-Gordon
F B ERr bR Schrodinger 7AW KRB K. RHESHEME M, Dirac 77
BT 4L R Pauli 77 #2890 R TE .

HRRX—#S 88 ‘B WIEE AMEXT TR ‘B MBESE

o2 Pauli 3160, LI 75 15 48 L T 19 B 9 114 i 2 R ;—n’; X — M f
L1575 W Dirac 7578 H R T AR 7 th 19, BT AMTT% 35, A Dirac HERHT
B T 0 0 TF B B R R R 69, 05— 25 40 H7 Pauli 7778, 1.2 B A M8 B



.32 - =. HREHAE

{8, B iR 8 A K E k. B A A ESIE Dirac 7 H, fiAE 7% Klein-Gordon
77 #2H, XA Klein-Gordon 75 #2 8 # A A2 T H &Y, BT AN ¥ B Be LA
X8 BT BER . X 2 A XF A9, BB SEBR | Klein-Gordon 77 2 & — 4N IE i 9 G
B e L A X e O 2.
Schrodinger 7 12 &
Hyp = Ev

=,

H= i(—iv —eA)? +ed

2m

i Klein—Gordon 7 2 &

[(H — e¢)? - (—iV — eA)’ly = m*y (9-3)
BZE Pauli LR Hy = By, H

I :
Hi= -2—7-5[0' (=iV — eA))? + ep (9-4)
Hit, EH [0 (-iV — eA))? ¥ T Schrédinger R HF ) (—-iV —ed)?. 5
Klein—-Gordon AL, Pauli 5 # & —Fh o] 88 9 M XS X2l F 2
2
(H — e¢) 2 — [o— - (Thv - 2A>] ¥ = m2y

Lhr EXEAIEME. H—TFEHHEUNEX (H 1 ﬁ% H) #2 IEH 1,
Bp

[18%—e¢—a'-(—iv eA)] [8 —ep+o-(— iV—eA)]¢=m2¢ (9-5)
X J& Dirac 75 # #—FfhjE .
Ve S B4 F X 5% f) B2 ok B SE B | R — 78

w4

B TFTRFEANLUBEYE Dirac R T REEEN TR, AT HER
W, id
1%—6¢=H4
—1V——A=II
c
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SR x B (IIy+ o - )y =myx EX.
FEK (95) BRE (IL—o-I)x=my. FIH
Ya=X+Y
Y=x—9
WEXXHRE (UL THE—FENEHNER). BEXXETF ¢ flx M
J AR AN AR U, 18
Hytpe — o - Py = map,
=gy + 0 - HPg = mahy (9-6)

1 — R BRI 2058, WX TR E O —A. 5 —A 8 B 58 R4 ok %

Ya,

Yas
= 9-7
Y i (9-7)

Vb,
LA BB B e T oy KIFEREMAR, B

iy Ya, i P,
wo=(l2). (i)

MR HE XHBERE
10 ol o 00!
1 1 a
oL ey ¢ 3 (9-8)
YL (7 0j-1 0|’ 7 100
R i O B -0
(BEE: LREXH—1HFR
0 0 1
T 010 : @79%:(0 1)
0! Zitta .o 10
- oo

Yy v, SHEEL) BUAT UL o T oy BB TRE AT, HIEX N

Yallyyp — v - IIp = myp
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Bk bR A R S 5 AR A K25, Dirac R 2

Yull ) = map
517
’)’u(iV# o= eA.u)w =my (9-9)
% 3] iEBA
0 BHptv
YuYo + Yo Vu = S Eu=y=
-2 Hrv=p=123

BV iE BH

B=1 yi=qi=n=~1
TVe = —YVaVt VW= NV F

F B —FhiSiE, Bl it 5 Klein-Gordon 5 #2 #H b3, Al PA15 3| Dirac /7 ##
g —FAMLTE S, 1 H =i (%) — iV, Ml ep = eAy, AITIRIES, H 7 (9-3)
A5 iR
(iV, — e, )y = m*y (9-10)
7E Pauli 72 (94) PEHRXLIES, BH o=, HHEEMD cs=v CHTH
o BHERANER), KMFRK (9-10), 7 (9-4) ISR

(o[- Qadlemme ™ Tew

B4 K 5K (9-9) LB —F.

Pauli 75 # (9-4) 55 Schrédinger 77 2 8 K HIZETF, H— 1 HEK R o- (p—
eA) BIFEH BT =4 B (p—eA)?. SIMHEM, AT LIRS (9-10)
B PO 4% AR At b RE B R vy, (P — eAy) B IR AUEE. Horb, AT 003 s iU A4S
VO 42 A B SRS, BT S ZHR SR = o HEMEL. SR ER

Nu(iVu — eAy))* = m*y (9-12)

BERESR (9-9) F (H 1.(V, — edy) EATF K (9-9) Piah, RJEFAR
(9-9) A8 4 31 P ).
%9 EAR (9-12) FH T

(V%= eA? — SenroF] ¥ = my
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£ 10 i

v SERERE
7 L #1538 Dirac &
Yu(iV,y — eAL)Y = my (10-1)

A R, RGBTy FERE R — AR RN

1 0 0 Oz,y,z
- — T z = i 10_2
w= (5 ) mem (L2 ) 10-2)

FEIXEE 4 x 4 HFERE Y P, BN TTR XARR 2 x 2 MR, B

1=(10)$&ﬁ% %=(°1)%
.1 1= 0

SR RE Sy AR B SR g 7 R A B ATEON 5 3k &R, B A FER H B A8
GEH, MHRACEETLEHEZRR. M5 RRIFAEE - HIRE 8
FF R, I BRI 4 B QLR A S M BB R R P i — 1 X B KR 2

7% =1V g e = 1
YeYVz,y,z T Vay,27e =0 (10-3)
YzVy + Yy Ve =0 Yz¥e+Y2¥e =0 VyYz+VzVy =0
HHSGE—IE5
YuYe + Vo Yu = 204 (104)

0.up = v
Opne = 1, Y= pe=il
2850 =ty 258

R, H 6. BE XL RIE iibn B A AL, A
0,00, = O

I L5 SCH0 R A e BRUAT A 7= A 38 R . 9 4 R =X (10-5) P8l i g
PR — U ER T Ay 4 A e i e AR, 4

Y=Yy YoVz  VyVz A=Vt YVt Yzt
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TG vy, vy, Yoy ve MEMSE. (BEFIARTTAER v SRR A S 2, =
A5 B B e PR 2

Yz Vy Yz (= V5)

Yy VYt (= —VzYs)
Y2 ¥eVe (= =Yy s)
YV Yy (= —7275)

ENy EERFERFHRBEMRAXAL, BAE=1EEFERD
T4, AR AT LA A,

Mt = =g
ENA v HEFERR A, RA—1EHE, AMTSE— TR 2Z Fos.
Y5 = Y=Yy V=Vt

ZT WA v HERRHA, HhZ0QFERAHEERER, BT L.
Eig, RA AT EEn IR ENNEEASTUEE A MEER R
X—mETRIFLAMH -2, DXHERLREHESTT LN 4 x4 BERR. (B
2 AT R M 4 x4 BHEREET LA ~ BERBORERR; BERN
Clifford BB ERH. ERAHHI TR 2 x 2 FHRERTEL, B T8 A9 T
RE, ERLR Pauli B HEM FEAREL)

% 3: ik

O 10 p o 0 . Oy (0]
o7 = o)l @ y 1z0x = 10-5
Y=Yy (0 02) Yy (0 %) Y2 (0 ay) (10-5)
A K

Nzyy2 = ( ? Um(,)y,z) = (Ol E‘J%l)

Iz,y,2

SEX T —A v FGERITER, HoVELH H:

Oieep
V5 = Ve Yy Y2Vt =1 (1 0) (10—6)

. g < [ Oz;y52 0
= i ) T2
V5Vt 1 0 V5 Yz,y 0 Ll (10_7)

= -1, V5V + YuYs = 0
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0T LAJE B REA, & SCTF e 5 2 05 8 19

£=auYu = a — azYz — GyYy — G272 (10-8)
HH I, AT LAJIE BA
dfy=—Yd+2a-b (a-b=auby,)
¢2 — alia‘l‘- (10—9)
dys =—75 &

YE R Bl F, BLIE B 2R — . SEH H R IF

d¥ = (arv — az¥e — QyYy — 027z)
'(bt'Yt == ba:’y:c e by')’y - bz'Yz)

BN AN XRZESE - ANHETHIAE. KsE A ETRE—T by, 15
beve(aeye + oYz + ayyy + @272)

XREEA v GRAEZX S, TS 1z, 1,7 R4 5. X &FITEHEITXFEH,
EE

Y = beye[(—asye + azvz + ayyy + axyz) + 204y
+bavz[(arr — @Yz — ayYy — @27Y2) + 20072]
+byvyl(aey: — azye — ayyy — a27:) + 2ay7y]
+ba7z[(aey — v — ayyy — a27:) + 20,7

= — i+ 2(b:ar1} + bsagV? + byayy: + boazv?)
=—Yd+2b-a

%3: (1) iEH

Yo @Yz =4+ 2057z

YuYu =4
T ¢7p =-24
Yud Wy, =4a-b

'Yp¢y¢')’,u = —2/Yd
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(2) FJRIT U 5 B Y O ¥k ik B

[E ] = cosh 2 - sinh ¥
Xp 2’Yt’7z = D) Yt Yz D)

7} 0 6
exp [5%%] = cos 5 + YW sing (10-10)
(3) UEMA

u u s
exp [ 5%72 Yt €Xp [—%’y,] = 7y; coshu + v, sinhu

u
eXP[ 5%%] Yz exp[ vm] z coshu + 7 sinhu

U 1
exp [ 5%% Yy €Xp [ ’Yt’)’z]

u
exp [ 2z | Vo €XP [2%7,] = (10-11)

EhThk

R HAH AW X5 KRR (10-3) B9 v FEFFRR, Dirac T RER, B
(10-1) T REAR R A ZE MG ? S T [3] 5 X A [ B, AN B9 3 R B 28 8 o) = S,
Heh S BRER M S~1(SS7! = 1) KW B L. Dirac 77 F228 i

Y11, 8¢ = mSy’ (10-12)
BRI ERMABEMAMAERRE, Tl I M SXE. XEFEATR

YuSI,Y' = mSy
Fe LR 51, 15

STy, S,y =mS~1Sy/
i1
Y Il = my’
Kb 9, =57 1,S. B ), = S, FRAFEM AR 55 IERAFH v 56 R
EXt 5 X FR (10-3). i FRA
'YL’Y:I; = (S_l'yuS)(S_l'y,,S) = S_I’Y.u’YuS

yHEERBHERTE v EEELMHR, ARETREHERR D, @F 4
BERXARRXAZE RRINREMEXR) XMIERAT, XF v EHEN S —FHER
/N, Dirac TS FRAKX 10-1) AR —BHERX, HEENFESERES
Hr 9.
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B xf it A EM

PLAEE o BB v FE R O K — R A, BT LUIEPA Dirac 77 2 A9 A 3T 8
A B

st ) DR s (/Yt_v’)’z)
e (1- ,U2)1/2 Tt (1_.02)1/2

Yy =Yy Ve =7z

HHRITRBEAWE V, 5 A, F0, B7 LUE t 0 & —HE 28 . Dirac H R A
iy, ARG, BT Lorentz B T AL FERAH m BRERAZE
B oy FEANRERERE —NFH y EERR, BT AKX (10-11) iEW, 3
By 555 y SR R AN ZE — AN AR i, Sk Br — R AT A
Y6 R%, IFBPFE BT A Lorentz 245 R W o] FH Rl — /NREFR R /A, X, #£1T Lorentz
A 4 i) R A AT e

1Ky BN R—RER T AR e, B R B (BR T A hn 24T
Lorentz ZZ L) 41).

2. 7€ Lorentz ZE#t j5 B PR RGP AR ERR. EHELT, ERHS
JEF f A 25 — S AR He.

Dirac 7 # Hamilton # 3

AT AE A FE K # B Dirac 72 B3] T Schrodinger 77 #2, ¥ 87 & 5 & Hamil-
ton R R H A, 7T LUK FSRX (10-1) B A

L e Lo
FeLh v, J5 TR BEAG

_?%_’f = [7,—7. (?v —eA) +e¢+'ytm] ¥ =Hy
A (105 HER

H'=lor" [?V—eA] +ep+mp

HY 8= 00y: = NVay,: R (10-5)]o, B R TIXNHRKR: o2 =a2 =
=p%?=1, TAHMEN X 5.
MZER, ERINMOFERRSR T, o 1 G & Hermite 5 B, Fr AEX R
A~ H J& Hermite f.
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%39 AR EE p =y AR j = v oy WREZETE

0p ox.
8—t+V']—O

TR v B4R RS IFE

Y1
P2
3
(N
= Y1¥1 + a2 + Y393 + Yiva
do =) 5 (0x)ii¥;
ij

= Y1 + Y32 + Y3 + Y1

g 11 i

MiZERR, RAEEFENRRT, B M a4 2 Hermite . R 512, BEA
EZ M T R %R P2 Hermite 9. BRXFFRRIIFERT, HEFENH
S.R. Rfric X —R AN PHRER. A

p =" = (P1y3¥3¢})

p=*yY
j=v*ap S.R. (11-1)

REMGHBEEMMBE, a M S LF 2 Hermite §. B, HFAREFEERS,
K (11-1) #AERFHFEM A E. Dirac & (KE c,h) &
RO

h e
B S - 2 3 i o I =9y
ot HYy H =pmc"+e¢+ ca [i \Y CA] (11-2)

1) & Schiff (( BT 515 ), 1949) $ I i) Hamilton & 57 BBk ep M SH, #2E— 1
5. Schiff Bt i 4 3 R BB 43 B R o1, 2, ¥s, e, 2 BUAE B AR 45 89—, , —by, —Vay s Yag- BT
A X AR R H T Schiff i HW R R S5ABHRRZAZ—FMER S = ifarayas.
KHUEM 2 = —1, ffll s-1=-5, 3 H

0 iy b

5_1:00012(01>
-1 00 0 -1 0
0. <1 0 9
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= HMTEER
@ = [vavdv
= [ Wizt + viava + viov + Yiowa)dV SR
TR v U RO AL FRE, FE 4 %3 7T LED]
(@ = [vravav
(az) = / (Wiv1 + Y392 + ¥3¥s3 + Yia)dV  S.R.
K5 BT 2 A 5 B AT — .
(@ = [ ricbudV
£ A AT —SEAF, IR ) SO
A=i(HA—AH)+%?—
B4 @ B p- o Sb15 H B BTA TURBRE 5, B A4 AR T 2
& =i(Hz —zH) = (11-3)

BR o?=1, Tl o WAIEER 1. FK ¢ @AMEERERGE ATk
VB UE X 45 58 AR LT 5 B AY: B, A AR 5 b 2R R S 32 9 2k 3 G 0 b 2
S8 BB 20 0 0 B AR, PR U A o SR, Sh B SE A E, —VIMERRA 52
MR REYE. R, dy 3RS BB A A B R R B R, AR EGE Tk
LA K R BB, T LA B A A O AR R D)

eSS )

(p —'eA)z = i(Hpy — pH) —ie(HA; — A H) — eBaAtz
. 0¢ 0A 0A,
——eﬂ+ea-a—e(a-V)Az—e T

BT BE TSN K& A A, MITURFFIF:

94, | BA, UVA O 04 Bk
ey R e e g oy 2792

)BT =5 pXd 5, ANTRRER & X R4 &, B i 54 A B R A X F g k.




2~ =, HNgEARE

XE KR
eax (Vx A)=eax B

W oz srE. T —WMARIU N E 8 = - BB

(p—eA)=e(E+axB)=F

H F J& Lorentz 1 AT IE M. Atk HEE R4 07 BT LR
. HE BT RS ¢ ZHBEF2EENXR, EDEERRT, ER
£: 33 Newton 7772, B WL E £ A MEK & B /2 Newton 77 2 A& 24 A KL

AIEA TR X RZRBL. EHEX, FRRAREMR, WREES LK
HHE#:

d i 1. 8

d 1“0 g
3 |t+ 38| = 2 —e0
i%(azayaz) = —2mfBagzoy0,
~ () = 2(fosyar)(p — eA)

Hi\eg—AW o BIEH
g 0
0 o

0; = —ioza,, HFF
WSy, AMPEAHRER TSR

A it

L=Rx(p—eA)
EEEZLY M
p—eA=mu(l —v?)1/?

WAERTTE R A (p— cA) WIZ5E, L fi il S 5077 LLE %

L=Rx(p—eA)+Rx (p—eA)
=ax(p—-eA)+ RxF

HA 5 —Tn] AR R HAE. X T oh F, X—T0h%F. B LER, i T
BE—TARETE, Hik L #0; Wit R, BER S .0H, AshE L IHARFE.
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o 0

0 \o
B o BAFMEESE, Kb o, = —azay, F5%. TUFH, XNMEFW 2 o0&
5 H HWH Bep UK a, A XN G, BERS a, M o, BTN 5, FrLh

i, FRFEE XN

0, = (Hazoy — azoyH)

= (o ll;0z0y — azay0 1T + ayllo 0y — azoyoyI1y)

H
II=(-iV-ecA)
azllyaz0y = agagoylly, = ayll; — azayozlly, = azozayll; = ayll;
ayllyjozay = —ayayazlly = —aglly — azayaylly = —agll,
F2

&, = 20, IT, — 20,11,

XERE 2axIIT B z08E. FrU, &5
%c’r:-—axﬂ:—ax(p—eA)

X5 L#E—mE—RS. HikiEz

d h
EZ[L+§U:|=RXF

RS ERATLETE. S L+ Lo T LARREN B3 R, JoF L

R A B ], T '-,ja AN % B B BB B, 6T A, A
B P . s
TH: (1) EBEGHT ¢=0,5- =0, iEH

o (p—eA)

B EE. R, X RE AR E R SR R ERE, B [ e
RETHFERS DD %
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(2) MBS 6= 0,00 = 0, ¥ T EAIEY
#
| ¥
i
4

T 91,100 5 Pauli HREFH ¥, 92 MR
74, % Ep & Pauli FEH 306, 1 Ep = W +m 2 Dirac 772 ) #

A& zh Be, uERA
Ep = \/2mE, + m?

F B A KR A4 Jn A B

Dirac 7 #ZRIIEE 3T E L

BEMARARDY HEEBESHBER. XHEBRRER T #E TIEMRL,
ARIEXFEART. ZEMER T
¥ = e Fiy(a)
Hi = Ey (Dirac Hamilton &)
S
E=m+W
ny
HYy=(m+W)p=a-(p—eAW + Bmy + ey

EE—TFERR (9-5) ¥ v LIRS 10 P A/HEH o8, W EXTTERAEA
VRS

(m o W)"pa =0 - Iy +mps + Vb (11—4)
(m +W)thy = o - ITtha — mipp + Viho (11-5)

IELARTAREE, B IT = (p— eA),V = eg, HLTRIR (11-5) Mt
o= (@2m+W —V) o - H)Ya (11-6)

AW RV EAT 2m, W oy ~ gwa. T B A, A B 4, F oy 53 BIFK
X BRABRANME. B (11-6) B v RAR (11-4) 18

Wipe = (o0 - IT)(2m +W — V)Xo - H)pa + Viba (11-7)
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HE, EHS 2m A, E W MV, W
Woa = 5 (o T + Vi
m

X IE & Pauli 72 (9-4).
T A Pauli 75 2 AT BB R AT 4R B IR 2, KT LB B 4%, BP
vi/c® B4

£ 12 i

fER B 11 k=X (11-6) A1 (11-7) BB SR, BURBEL M (W —-V) < 2m,
REE VAR TRA

@m+W-V) '~ % & Ig;n:)‘zf (12-1)
K (11-7) WA H
(W = Vo = 5= (o I
(o - W ~V)(o - T}, (12-2)
7 0 — Bk / (W2 + y)dV = 1 X
/wa [1+ Lt H ]wadv— 1 (12-3)
R e (e
+ (o
ST LSO (12-4)

A LB IH— R AR (B 02/ B)

/x*xd'u =]

XMW R FE (12-2) FS THE R5R (12-2)

[1+ (U'H)z} W —V) [1+ (U'H)Q] Va

8m?2 8m?

" ﬁ(a-ﬂ)%a i 8_;2[(0'-11)2(“/— V) =2 H)(W —V)(o -II)

+W = V)(o - I)*|ypa
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BMAKX (12-4), HBRU 1+ (o- )2 /(8m?), 52N
1 1
== %(U'H)zx—%(a-ﬂ)“x

+#[(a’ -INAW —-V) —2(c - )W - V)(o - I)
+(W = V) (o - O)*)x (12-5)

A BB, aTE (12-5) B RHE G MBEMIE XK. FRHE N 4 E
A2B —2ABA+ BA% = A(AB — BA) — (AB — BA)A (12-5')

(o- M)W -V)—(W-=V)(c-H)
=i(o - VV) = —ie(o - E)

R EWMRFL o H=AW-V=B) R

i(loc-O)(o-E)—i(oc-E)(o-I)
=V-E-20-(I x E)

HAVE- %—? =0, frAsR (12-5) A B FF A

] | e
W= +—(p—-eA)-(p—eA)xy—- —(o - B
X (‘1/;" 2m(:ﬂ(z)e ) (p )X 2m( - )X

il 9 e
- % pte - Ly~ E 12-6
8m3(1r1(4)1>) X= g3V o o-(p e(s{l))x Ix (12-6)

FEXFIERT, AT LUE 5 51 2% 58 3 3h 77 72 v ) 45— TR i B I sh 5 2.
(1) =R an LART B A9 AR, AR 300 W A i i e,

(2) T Al LLfig B R 3h fE.

(3) T2 Pauli HBER L, 5 H BFE Pauli 75 72 4 #)—H.

(4) RSN ERAEXIBEBIE, XA

9\ 1/2
E=(m2+p2)1/2=m(1+7%> w4 2o s Ry

R b S BB 5 — T, SLSE M T (4) T

(5) TN (6) BAAR BIE-PLEME. 4 T B UL MR, Z & (6) Thm
o-(px E) ®Wa. ESHEEBFTHOGT, XMALELT o-(pxr)/r’. HHHE
Foxr A @BAASEL TRERIT ARVIEMRST (0-L)/r3. Ml F4ib
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F S(L =0) i, X—TAREH. B5—FMH, 6)BHSHR V- E =4rnZed(r),
BAVEE S A (8 r = 0 b P R B A R FE) & ER. FTLL (5) WA (6) T—i
A BRPERA MELRE. BT EE % BBl 3) AL A2
S (5) F (6) T A R %K, BP
e 1
bidhey

AT DA A 22 BGSTE AR R (6) T, — AN LA v 7E 835 Pz sh i s A, 2P
MY B=vxE= %(p_ eA) x E W, i (6) Tits 16X 5 it g it
(o - B)%. HEUXFHREB UL A HTF 2. £E7E Dirac H B I LU
Bif, Thomas #K i B 3 it 78] 2L ) 2 B3 F & R 52 &9, I 44 T IEH AR (6).
EAMMER AR TF Pauli AU RSP FMEFHBIAMREUE (SF T
& 3). 7E Pauli B IE B, RE#ELIHFAKEF 2 BXX U (5) WA (6)
i o,

A (1) MAEEFMAR (12-6), H B EMBERIE % BER5HEH
(8D Hod. v R oA BOTE A 4R SR A 9 25 5. XA 25 S SR bR b 7E s 1) K A BR, 1A
HFRAH A TS 765 SMHE Dirac 72 M EHME KT (HEET)

,,_[1—-(Z/137)2]1/2—1 o T_ng

M Schrodinger L H 2 r — 0 B, v —» H

() B8 AT 6 SUTAE 4 W = i, B — VA B — by
3 Bl

(3) Pauli BEFBEAH T FMBEF, Bk, K% BEERIRMZFE Dirac
Jr Rt R 15 3

'7;1.(in e eA,‘)l/) == ﬁ’)’p'}‘uﬁvpv"/} =my

Fe Lk g, ol UL E S R E AR A Hamilton JE X

d
is-% = Hoy + {—-8(c - B—a- E)y
EH: 3N (12-6) BYE —E ABLAERT A=A I FI: (X F 5 F)

1 2 e
V+m(p—eA) +(M+W)O"B

1 2 1 2u e
P Pt g (ZJVI % W)

(V-E+20-(p—eA) x E)] ) (12-7)

1) Schiff. & F 712%. McGraw-Hill, New York, 1949, p.323.
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A EUKRF, HRid e=0.

(4) X (12-7) THTFHEBEFPHEFS P FRES. KEHFEFXH
T B ECET HE X T IR RS 1 R Y. AR R T A T B, R SR
AR T B, X8, SCIe b AT UWSE R X AN FRAT LR (12-6) (5
e=0 MR (12-7) —H) B (5) TORMRE. HAHE FHRMGERKIN, V- EF
B TENM. 4 Born ERLP, ATH (5) T LB 7 T HUESHRIE. AT, X4
B R & BLX RO B, Rl it R R B R R, BA P T - T EAEA
#h cd(R), Hirh & & Dirac & 5%, T R AhF B FHEE.

F Born LRI 5 c6(R) WIBUS IR IR I 5 eh (5) W4 i A 45 5 AH Ho 8% iE
B

i ARme?
4M?2

2
H T cd(R) MR R, & SOE K. V, MR % B ER | B A R
BERCR 0 3. :
8 i = 4.9135%, B TSR V 5045 R (B 4400 +400eV)Y

EHE IR EN—2L
(5) W& 3= v2/c® B AT, kB

/ viaf(R)G:dV

— /x? [(pf+fp)/2m+ %a x Vf| x:dV

1) L. Foldy, Phys. Rev., 87, 693(1952).
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B B #I F Dirac 7 2 B f#

& 13 i

Wfd A b T B R BT, A y IR XY Dirac 72 E1:
7y(ivu = eAn)w =ma
NS 10 PEEE X, 2 = yuay,
A = WA, = 1A — YAy = WAy — VA,
¥ =9%Vu=%Vi—9%Ve—1nVy -7V,
Dirac 7 B 7l B i,
(AN —ed)p =my (13-1)
(B & = y.a, 7 Lorentz 22t T R AN, )
EERFENMERS RUATEXZDHEN. ERKERT, BRFEE
FIAE R I 2
p=v*, j=v'ay
WIRAEARHER R B, o BAEXHR LY & X Hh

=198 (13-2)

1)y BRMGEIIRE
U1
P2
Y3
Pa
FERERA S, HER WS BT RE (v, v3, —v3,—v]). RU MY THRESRE=, BN
S RFFS, JAME v+ WFI KA RHTTR.
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W R % B AR W 0] B oA
P= "/;/6"/% ju = 1!77;‘1&

WAEBT X 5, RAUE ¢ Fl 0B REFFERE 2 =1 UK B, = a,.
% 37:(1) i o M52

P(—i ¥ — eA) = my (13-3)

(2) f= (13-1) & (13-3) iEH V5, = 0 (BER % 7 1H).

— @, —ANERF N WIEEEIE R N N 5 N —#, RRHBEA v B
WIFER Rk T, H BXH IS A i CRFE + AR ) el —i. filn, #&
N =1, N =11 =-N; & N = ivs = iam%% M N = —innnte = —in.
T AR T SRS R T 2 PR A A JE R R A 1R AL

($aN91)* = ($1Ny) (13-4)
Xt F H iR T, BEH, TR A =0, Dirac 7 2
i Wy =mi (13-5)
H T e R, K —iKF mR R #
b = ue~PT = yemipvEy (13-6)

¢ B— P R RR A XK R AR A BRI A 23 B g — A AR R X
%ﬁ, EIJ

{2} uy
) = | ¥ | o-ipe
Y3 u3
Y4 Uy

XHE ua,up, us, ug IR B SR, w FRN Dirac JE&. BT K AEHR, 24 L
HA#W B Dirac 77 82, X w # p 650N LA ARE. V, ERE © B84 S E
FHYEFHEN SRR —ip,, FUEBERT v E>4E

Vil =5 g™ & —ip ue” P = —ip,¢p
T2, KX (13-5)

iYu(—ipu)¥ = Yupp¥ = PP = my (13-7)
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XK, # opu = mu WX EHE R TR N BER AR, BEIEREFE oy F
HmWNZ3. FHit

P1=Dz, P2=Dpy, P3=0, pa=F
BEXEENT, g = nE — vypy — V2Pz. TEIRHERRF

Pl xipiitia
% 44 o T gl g STE gl g g
1T guFiipy gf.o TCRIREGS H iy
g7l071 20 LLf
FRy—-mAER
E-m 0 0 =D -+ ipy
0 E-m —(pa41 0
. T (13-8)
0 Pz — 1Dy —(E+m) 0
Mo, (13-7) 2
(E —m)uy — (pz — ipy)ua =0 (13-9a)
(E —m)ug — (pz +ipy)uz =0 (13-9b)
(pz —ipy)uz — (E + m)uz =0 (13-9c)
(pz +ipy)u1 — (E+m)ug =0 (13-9d)

i3 (13-9a) 38 (13-9d) AT & th HUMH uy /us. AR (13-6) B, SR REBRE
) LA — 3. T2

_u_lz(pz_ipy)_ E+m
ug  (BE-m) (p:+ipy)

pINEl
P2 +p2 +m? = E? (13-10)
XAR—NARMEM. ERU p, LAIESHESEREOHEX ISR KM
Hi, AT LAf# (13-9b) R (13-9c) K i
U _pz+ipy  E+m

ugz E—-—m Pz —ipy

BWRIREEHF (13-10).
W ERRERGENEDH T EREEENL 13-7) HE, BEFELL p, 5

#(pu) = p(mu) = m(pu) = m*u
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N FH (10-9),
pp=p p=E?—p’—p?
BT LA 2% 44 7% B
B-p-pl=m® W u=0

A 5 LART BT B i S A R, J5 & R JUAR (B B R 5.

B4R, B HBLTF Dirac HEA WKL A X2 H R IEEEN#
(13-6) fR A Dirac 772 H 45 X ) w, ua v ug AT up . ug X9 R B 04 ¥
BRI BN BENTRITEN. X, AR o THCH

i 0
’ A 0 (13-11)
0 P
j 0
HpHITIES
F=F+tm
py = P, +iP, (13-12)
p_ = P, —iP,
X S fifE ¥ R 5 — 1k
EIEFEEMNEX

PSR AL S, R B R E AT AR? XERE LRFERENEA FHER
YWHR, ERE— R B R B, AMIE LRE, 7Rk AR AR R
T, B FANTTRERY B BE R . FBFIE TR UL, AE R pu = mu FETER AR
BEREHFRE-NSp XN ENER, UAERIIXIMER. EE v 5p RS,
Bf y5p = —pys. BEHRE, EMERF W, HEW.p=0, 5 p RX 5. X£H
H

Wy=—-pW +2W-p (10-9)

XN BEAHEE W B—105 p X5 KWER; B
(15 W)y = —vsp W = p(vs W)

RELBRB B (ivsW) WAIEE (Frini i &K T E15 2 5 A AEE 2 5L
). ¥ X EAEEIE N s,
(ivs W )u = su (13-13)
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HHRE s BRI REME, ¥ X (13-13) FLL ins W, 153
(s W) (ivs Wlu = —ysWysWu=-W- - Wu=iypWsu= s*u

B
_W.W:s?'

WRW-W BHE -1, WER iys W WARIEER £1. EW-W=-1HEXW
T: ERTFBIENRED, po=py=0.=0Kpy=E. W

0=p-W:p4W4, Ell W4=0

XEW - W=-W W=—-18%W -W=1 XURBHERFHILEHLIEZRD,
WRAMNKEMETELR (EHNENSENE).
MR F7E zy PRI B EIE, 8 W 3R 4., Brll ivs W BB B R

157U = 8U

BLFASE 10 PR R R, XTI T EE N

] . . 0,1 0
578 = e Ty Vet = iayyu = [--24--- Ju=su
00,

XGRS W 5o, B AMS5ARNXRBEEMBRERT. WRRA
FRAE w R pu=mu M iysWu=su, EZLHMET v. ERRBEFLUSE
pu 230, FFHHAKE ESRTF—-EBBShHBIRET) HE W, MRERE
RIE (s=1) HEHRA (s =-1).

%37 WEBR (13-11) M — NI RBOE s = +1 R, B PR s= -1
K 1%
RS B 2 s T R B 5 — T RAER K (10-12) ARAE A Ik oR B 5F
s, R TR L, AW - i, kb, R, LR v 3
23 [ 7 1) k32 3 i 7 B e L

u(k) = Su u=(2m)"%uy wuy =

OIS O =
o O = O

CEFH—4, ESERX (13-14).)
1) Xt #IERLF veu = w.
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WX (10-11), S HFREAH
1

S =exp (g'yyyk) p Teoshiy=

V1 —12
WTE
U u LU
exp (5%%) = cosh ) + Yk sinh 3
i1}
. A 1/2
\/2mcosh—=( +m> = (E +m)/?
5 = ( )
\/2msinhg = (E —m)/?
Fr LA

u(k) = [(E +m)'"2 + yewe(E — m)?Juo
B F=m+E,a=yy, $EE (E?-m?)V2 =p,, WA
u(k) = FY2(E4+m+ a-p)uo

Xt F p 7E zy A EHER, XBRER (13-11) FFAH LR, K H—1EF
jg F—1/2.
EEINEFIEEFA vuo = uo, AT u(k) B K

(%) (Eve —v p+m)ug

= 1
u(k) = ﬁ(zf-l- m)ug
RIER, X =2 B H K F Dirac 772
(g—m)up =0 (13-7)
A, E R
F+m)E—-m)=p*-m?=0 p*=m?
i R 3 —

FEAR AR NS i B T 1% o, $8F T 3H — 468, 7 — 52 07 JEOR A R B X AL
THRMEER 1. B oy = 1. XTI, RO IH— T LU A
HTFAELHK T

Yy =vutu=dyu=1 HP d=u*y
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SR, p*op BB Btk B 5 10 O B4 585 0 1~ 4 BEARBL (2 U 4 5= R 9 9 568 U 4
&), Br LA f i — AR R A XIS A K. HiE — AR 2R/ 5 — {6 R ]
REFY, f w*u S F— NG M R M5 Y&, filan, & HIE K FHshi p, K
B B, TR BEEBNIH A

iy = 2F

BREIEI R 2 RATUREAXME. Xt s =+1 HEFH dyu

1 0 0 0 F
0-1 0 0 0
ayu) =(F00 —p_ §i
@) =(Foo —p)| || ¢
T S
F
0 2 2 2
=(F00 —p) 0 Cf = (F* +p4p-)C3
—P+

=2E(E +m)C?

K O RSB R (13-11) MR E—EF. N (@) ST 2E, H—4
B F R (E +m)~12 = (F)72, ] au 7w, lE—F4 R R
F
0
(tu) = (F 00 —p_) E -}1; (™ —p_p_,_)%

P+
- iy 2m2+2mE_
— A

T s = -1 W3, BBIRAESR TRE—EAT B

2m

(tu) = 2m (13-14)

P2 77 =K, BT LAE B F 51 45 38z

(ﬂ')’zu) = 2p;
('a"Yy'U‘) = 2py
(ﬂ')'zu) =0
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WAL, = SL

g — g 0 0
o Wt + T 0 0 L

g 0 —ey g1+ L7eq1— wig— Alabal — ziol
M W +og g — 1% 0 0 ek = LS
m ﬂ tegtigr — Lyeqi— 0 0 zf B, = =9l
u 5 TrHer — gy tig— 0 0 ZLL
G4 b
0 % 0 L et — Fg a1 I — Ak
# . 0 Wi — i1 =Lk
ﬁ _H 0 LA LR T qT— ek
N e FETHL T 175 0 0 2 2,
I . Fog FigT+ T 1— 0 0 LA
& e 0 R R e "
fig :W LIHe g + ey tig— 0 0 zL
_Mm 1 0 LG hd T - "dt "

0 Y+ e “k

0 g — wg 1

=2%¢ I—=20s¢ I—=2¢s =708 %
I—-=1s I—=1¢ 1+ =18 T=1s N 4
(nyemzgap | awezap | (e G B
UHHHLIHWEIME L (TH T-6T %
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ERIA y EEESHO RS ZEMERE TR FER. R 13-1 5 TiXx
HER.

R poy = pas + ipay = paexp(ibs), p2— = p2z — ipay = paexp(—ifh); Fr =
E> + m; Fy = By + m;p? = (E —m)F.

WBREE: HER 1 EFILERFHBEE TEXRPS L =0,P, =
1=p_, BHH VFE(GNuy). BBEHREIEERFH, 4 A =FR=0,p4+ =
pa+ =1, RPHH

(uaNwu,)

£ 14 i

KIE TR A &
TV ui MARE up Z ], B M HFEREITIEH
(ﬂzMul)

TSR RALER, REXERRE UL ESHERMEEKRH.
B, &

u'l = Su1
uy = Sug
M =SMS™!

) = 6§

Iy
’a’zMI’U,’l = 'ﬂ,zgSMS_lSul = g Muy

HyEEE SHERS=5"1.

HEVTREFE TN T EREENE REFENEFEREE. £ 13-1 85
=R SR 6.

SR, T 5 —Fh 5k, BT w7 B B B9 AR, A B B S A B A A
£S5 H -8R BEH 1Y E,

A, H pu = mu, 153
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eI VE: <]
(@yupu) = m(tyuu)
FERR, BN ap = pi = ma, A
(apyuu) = m(ty,u)
¥ LA i, 18
(ﬁ(’m? +}1’7“)u) 7 2m(ﬁ’7#u)

MGk HIER L R X
Ak =—ba+2a-b

F il
PV + Yl = 2]’;4

B2 p, (LE—DE, FFLE
2p (i) = 2m(iy,u)

BHH au=2m (H—14k),

(Wyuu) = 2p,
HE T 45 28 H 8oL R
iy _pu_E
u m m
FH BT LR A 15—k £
(@yeu) = g
EMF
(au) =1

33 S R ERI T, i
(uysu) =0
RS RE
RKAE LK I, Dirac J7 FLMEAF7E 10 B 54 2

E? = p? + m?
E = £(p? + m?)1/2
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ERREMENEFEREN, HREMNBEUAEFRE. -1, HIAHHBRAR
X, Schrodinger B UCK ERATIF. HE R A, AW AREARHE h, /5 il 7 i
BER. B-LEYH LA, HieWH L6, B, i Dirac 7215 H, FFMHBATF
ERESHERAESKIINAESMBE Bk, H#FEAEE SHITFE.
B AHEAREFELY M MFEARESSRBERBESATE. MEESR
BEBERARN—NDAZENREENRIFX. XFE5E Schrodinger fE A TC
2 7 R B R e

JA:REY t <0 B, —MRFLATIERS, Iz FMiEsh, BREE 1
EM (s==1). £ t=08, —MHEEH A=A4,(4, = A, =0) FHEEH, %
t="T BHFIEVE. REE ¢t = T BHRLF AL T 7 BB A A R,

ER: Yt=T8, L TFRESHEERN
% -sin?[(m? + e2A42)1/27]

R M E = —m B, %zoo, BIF w B R B LE, % E = —m B,

u A B TR, B A R B & % I EL7E u (04

¥ FHZFRA, px B 1A, BUAT 8 Stk IR B JF 15 B IE 45 1.

IERESN E =m B oo #EZEIX; 27 i fE LA AR g4k 52, HAE R ¥ i
TMNE=-m3| —co ELKX. £ +m Ml —-m ZRBAERWER (SFRE
14-1). Dirac & th —~ 848, MR AEREIEF WEH T. XM AESHTF
e AR RIS 8 (WREAFTETE), X I 60 R, 8 R 0 B O T
X, HmiAfESANWE. EE, Temf], ARBEEXMELFE, FF - LE
BHLR:

IERE

+m

1E 3 B i e

A 14-1
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1L EXBATASMEDNERSHE FREDNAES, HAXLffEdR
ARBXBI, BENESBEW T.
2. AEEH FIBRAT MEN, HE, B — M FERRED ERREM™4E
B S0 NRERA H O, BN RAPE RE—ERF, HIT 8B —1
¥ 1E oy (1 B — A
3. AR R B R IS AR A 2 MRS, MARARR IR FMEERES
B FRESE-AES M2 ZHBIARARSEARTREMN. E£XFHE
X &, A BINA Dirac 3 ig & A A 2 3 1 E 4.
AXEERE T RESHS —fmE HEABER Ak SAxRN
] 2 [6] 32 3 B9 L T A
iy S
mdzz‘“ e
ds? ds
o K A B s 897 ) SO AR X T LT R A S, BT LA ER I A ] 2 ) B B E R
K AR A IE B, ¥ B[] IE [6) 32 3.
EVERTN%D, —PNHEFH 21t B ooty BERERE L ity F 22ts
Z 8] B A A A8 B9 B A9 4R R SR AR HE. B A R R X e B GE SR Y B[R] OE )
1z B . 7E— 423 [a) X Se B GE A] DLIE Ok, G0 B 14-2. (B2 5% BRE A9 W A
A —Fha] B8 A9 BB 2 a0 B 14-3 By il B AR .

/oA

14-2 14-3

MR —WMEE UL dE J7 AT E bz 3, (VA 8t S B AE M £, B4
HB AR T I T
t1 — t, RAFFEVIIRE T
t, — VIR TR E, Wb, ERELEE R T — 4o F - [EHB T X
tp — to FFTEIGR B F LA BB 1S B M i 7 — IEH 7
t, — IEEFREBI WG F, BATER, R#TFEIA ALK B F.
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te =tz RFFE—THEF.
BHERT %R EREAR, 2608 E PR

L. FETHE IE B 7 A0 R [ T I, 0 R 9 o R o B 0 A5 A . B, X ot
EE Ypa BV op, BT E] IE [ 12 3 B9 B F, FEFE TR

/'J’fuM'l[}padV
T ¥ B 8] 52 (6132 B B, B DA vy 1) oppa 7 32, BT LA IE B F B4 26 4 o0 2
/ Ppa Mg dV

2. MRRER ERIER, W e7'7* BEERN ps=FE WHE FHER WEE
R, W e~re RAER N —F B |E| MMUshEA —p Y IE BT /9 35 R 5.
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ERBEFXH=ERREER

E—BHe TS o1 oo ZEHEFRUN MR RERE. B2

TEOL I opy Fl o MEHRERR, 18 v BBALT TR BB T,
RBALT Rk BT, X R FHEUR.

5L I py F oo PIE AR RRER, $E o BB NAL T RR I IE B F, o,
BRALF “E MIEHRF. X2IESFHES.

BB M FATE, (18 BN R B R B AT BE. BT R

o I ¢ RIEREE, v BRARE. K v BN TR WHTF, ¢ #
BR a2 WIERF. WASEBRLE T o X, BEFASLATHR, XRRE
F - IEHFXE R

B IV: ) BABER, o RIEES. 18 o BN Bk BIEB T, ¢, f#
BOKRE BT, XBBEF-ERFX=4.

XPFER T AHE 15-1 HERR. EEEESNE PR LEEMN v B
Vo, B TE BT A G B B R BG4 O e #F R AR B Y. 7R H R R 5 BB AS B0 AR
B, HiskA W THRFRE . HEEKNE S U, &Sk 58 m e E 6 E mEf
RIABRT p RIEGZER, WD, B TRRNSEE FERIERT.

HEEF1E

EE—-WFHELEL THAIPBSTHEERXRR. WTLIAE N, MFL I A
SERMRIMLSR. HIEWX—Q, BAEHEL . mREFNER E, BT
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) U Y1 Yy
i
(0 Yy 1#/\%
ol g Al 1588 111

Ha v

A 151

E;, 3 BB IE T exp(—iwt). WX MEMEWRIER w. IEHX A T
B IEIEL T

/ e B4t ekpikd) bl b / explit(Es v < B - (15-1)

EME LW IR, £ E; M By +w ZEH 4R Ll RAY
E; ~ By +w WA X R84 S8k, 7E05 00 11 sh il i LR B, AR By
M E, ZRIAM. ERTNER (X)) Epa = —E, Bl ER ¥ K) Ew = —E1.
XA E R MILEE, BRI B, = By +w, B —Epa = —Ep + w BT LA
Ety = Epa +w BFRIEA R KH); k23, MWW A ER o, siRE TR

i h

EAEAEXTIB1E B (Schrédinger 7 #2) o, WS MM AW HBER
i%—’f = Hop + V) (15-2)

KXV B, Ho BAKRMIE Hamilton &. X} H dki 7, 7T LLIEBA BT 25 45
185 2 LT 0

i
Nexp [zm~-22"210 | 4 >
Ko(2, 1)={ i [2m ta — t1 ] Sk (15-3)

A NEBE-HT, ESHEER (62 —t) 2T REA &

m
Tl sy N RN T o
QJ'I:i(tz — tl)

ERE, ¥ty <t B, XNERFECHE. W LIHEH Ko W2 5 &

[ia% = H0(2)] Ko(2,1) =i6(2,1) (15-4)
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BT Kv(2, 1) S HEMOIRIE, HYFEMRE V N, BL500% 27
s

0to
A LAUEBH Ky BR800

Kv(2,1) = Ko(2,1) —i / Ko(2,3)V(3)Ko(3,1)d%z3dts

[ii — Haly~ V(2)] Kv(2,1) =i6(2,1) (15-5)

- / Ko(2,4)V(4)Ko(4,3)V(3)Ko(3,1)d>z4dt4d3z3dt3
+e (15-6)

34 & Hamilton B H = Ho + V 58] J6 3 H B AR R 1) 285 E & 11
BT, Kyv(2,1) Al i F 3R ARG

Ky (2,1) = Y exp[—iEn(ta — t1)]6n(22) 8} (21) (15-7)

X AT HEERET BT SE N (Dirac T2). EHE —MEEERERD
Hamilton #&, Dirac 7 &0 LI E K

i%—f=H¢=a-(p—eA)1/1+e¢1/J+mﬁ¢

S SCHAGHET KA, WE R TR & 8 #:

[i% —edy — - (=iVa — edy) - mB| KA(2,1) = i86(2,1) (15-8)
2

fE B Ja — W i A B B #75 B 3X > Hamilton B #E 3 ok 09 & 86 7 H A #H
SRR, [HEE S IEMIHEHE R (15-6) AL L] KX HRFEL. 8, 153
—/~ B i T

(i W2 — eds —m)K*(2,1) = 16(2,1) (15-9)
HES A =0 BT MR TFIE REEXABRTFEET K,
(i W2 —m)K4(2,1) =16(2,1) (15-10)

B Ky B TIEMEXEHRLFH Ko, (15-10) BT (15-4) BN E L TFE.
IEW Ky °] LURFF RS (15-6) —FF, K4 7] @ JF A

K4(2,1) = K.(2,1) —i / K,(2,3)eA(3)K(3,1)drs

i / K4 (2,3)eA(3)K 4 (3, 4)eA(4) K 1 (4, 1)drsdry
4hd (15-11)
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YERE, BUTEAEHE T 4x 4 B, FFLLREMS B SE o 19 23040k 1E B e, (15-11)
246 T 040 P R T 9, 402 I SR D 4 2 ) ) MABRLTE

d7 = dz;dzodzzday

A LATE S —ieA (1) @R B ALY ] (BD) B 7 J7 JEOKORL F 76 51 1 8 — R IR
. XA (15-11) KW BRETLEL T (15-6) K.

3 A JEH (15-11) g XK K4 5 (15-8) XAl (15-9) R —EL

FEARHX B TE O T, A RFR TR N ER B ZE ). 7 s
T, AEA IR . Dirac 77 2 11 BB AAE (/) 77 76 A BE AL IF RIS X FhZ 3
3 IF BB X 3 DA A %

Bty >ts BWWEMFEERE T, Bty 8 t; H—BRRIEBEFHEE
(ZEHE 15-2).

A 15-2
EEG P, HEHNERETMREN BRI ¢,, W KL 7752 K

> exp[—iEn(ts — t1)]gn(x2)n(@1)  (t2 > t1 BY)
A _ ) EfE 2
TRy S e TR
i fg

A (15-9) KA —ME

i Z exp[—iEn(t2 — tl)]¢n(m2)d~’n(m1)
Ef .
g Z exp[—iEn(t2 — t1)]@n (x2)Pn(z1)

K(l)q(zal):< Bk

(15-13)

(tz = tl)
\0 (tz <t1)
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X (15-12) WA S AERASMN EB FABEHE -2 XY E#ERE “E
M” (t2 > t1) B, FEMREF, BUERESH TR, HufE#ER 5w B
(t2 < t1), HBIEH F, HAVABEASA T8k, 50—, (15-13) N EEA 40
BHmR, RER (15-13) & XHEHEF K 2 (15-9) M— A ER %K
A% (LT mAIER), X (15-13) MR REZRA U RES B F I HEE.
JAEB R AME R FRRER - FRTEMR, ERENWER A
t)
> exp(iBnt1) exp(—iEnt2)fn (22)Pn (1)
i
X BRI R (B (15-9) XA A KT M. F77E PR 0 7T geds
KRB FHRFGERERFHBE. LG, RITELEH K.
H i (15-2) & AL 3T 7T LLAL 38 A P FF 4 B B 31) H @ 49 0 TIT (33
B) MES IV (=), EB LD, # —ieA3) EEBR FEHTFTHRER
R REH.

£ 16 i

EEF K, (2,1) IEA

FEARARXT IS PEERIE R, AT LARE B T AR A XS IR 15 3% T Ko(w2, to; @1, 1), HRT
BEmf 20 ¢ B BRBORRR T BAL T A @ MBS Z ¢ KB R AR (/I 16-1).

P(e2,t2) = /Ko(itz,t2;11,t1)’lp1(m1,t1)d3$1

t t
® Ty, 1o
t

e Iy, to
t

h

16-1 B 16-2
A A& R B A XTI HE) B30 R

Y(x2,t2) =/K+($2,t2;ml,tl)wﬁ(ml,tl)daml
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SR, XA B A IE 0 A, ZEAE X 1015 O, (30 260 38 5 2 s 48 19 3k PR BCR A 8
B X RERY ¢t <ty B K (2,1) RETE, B8BTS 15 HEAGR R 7 R
SR, 7E 2o, to AW PREL (S FE 16-2) h FRA H:

¢(-’B2,t2)=/K+(-":2,t2;ml,tl)%w(wl,tl)dafﬂl
= /K+(:E2,tz;:ltl,t,l)’)’t'l/)(ml,t,l)d3$1 hh << tll (16—1)

Sk— Tk B L0 ) IE BB AR B9 TR, TS 0k B 3R L 5 Y 7 AE S I T
BR. X ANRIKA AT LAHES R B S ERE LR E A 2o, to B VILETH E A (2, 1)
(ZEHE 16-3).

AT / K4 (2, )X (1)p(1)d'z; (16-2)

& 16-3

Af N, REHTEEE @, to KR I PYK.
BR iF #8% 2

EHAEATH-AE fFBEED-NE g BRE, RUTIEMN SR
s L, R

Ry f / H(2)BKAE, 1)BF(1)dz1d s (16-3)

RN K£4(2,1) XF K4(2,1) WRFIFR (15-11), HBREZEHBTFAS F BlE g
WERERIBAZT (f 1 g RIERD), W—REKEWE (Born) LN

oa = =i [ 32)8 [ K. (2, 9eA)K 3,181 ()drderd’as
51 AT 4 B RO T 1 10
16) = [ K308 ()&,
36) = [ 3@PKL(2.3)8%



- 68 - A, BTHEHIAFEFHFZER

XK F UL, BT R A B fob 7 3 R % f, BUSHE h B bk 7 3
RE g XHERR T ML E LA R FEIHNITE. —REKRERBETLUS N

3t / 3(3)eA (3)£(3)drs (16-4)
(drs ¥Ric & i X B B f 2 [ B 4). —MIia] 5 A
—(1/2) / / G(4)eA(4)K (4, 3)eA(3)(3)drsdrs

MR f) BRARES, MERR—MHRMIERT, MARTEZMEF. XM
W 1 38 114 ot R X 7 A

Coulomb # 3 BB F &) & &F

HAVF FNIA MBI LT E — N RAR Ze i TR B FHBUH. &
WASTHE TR RE o 7|, MBGHEFRHRE oy FEA (SFE 164).

1= T — YD1
P2 = YiE2 — YzDaz — YyDay

i

& 16-4

AT Ze R R
¢=£1 A=Oa A:’Yt(@)
T

R 25 1 o B30T 2 - T B
f(1) = u1e ' Pr®g(2) = uge T P2®  (MU4rEBERE)
XEEHRK (16-4), \E f BE g (31E p B E p) B —RKTIRIER

iz Zet o,
M= —1/u2e“” ® yeure P33 pdt
T

e U2 oR BB 5 A (8] A SR B9 R 4 K 5 28 AR SR R 4 4 OF, 18

. 2 . T . .
M = —i(tyu1) </ e_’pl'zZTeelpl'“’d:sm) . (/ e‘Ezte_‘Eltdt)
0
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B — A R Y =4 Fourier A ¥ V(Q), EFEIEMXT IS HUN e EAE
fURZ - K

M = —i(lzyu1)V(Q) {eXp[i(féz__Eéf] — 1} (16-5)
V(@)= 4::@_2;2 Q=p1—p2
A4 5 BT B
BILBR _ o (1) 1MP? x GRS ) (166

BRI VA R AR I 10 5, FUR A — R — LB F ([TV) ), 2
PR S TR S — f S R B 1. TN 8 W I 9 I T
N HTR, BRI R T AR AU R N TR X T B4 60 AR
%

N = (@) (16-7)

HEMWE—A N =2E.
XA B F B0 DR R B R B — 4k

(Gu) =2m B (dyu)=2E
BB R BRGE B i — 4%, AR R L G AR X I8 7 R o = 1 T (dpu) =
1 (N'=1) IH—4t.
DL #h 7 S BT M B IS AER, S F FEEBEHEPER
M. JET M, E0] L (16-6) 58 BR T %K.
SEE, S\ X T IE B U R,

7 2
M = —i(iigyuy) (4:;—6—)

Q2
Jt LA BR X M 36
BR 1 % 2 " dnZe?| Eapod
EL‘ T (2E1)J(.52E2) |(u27tul)|2 ane (22p;)3Q (16‘—8)
AP REFFECLBRWT:
?&%E e d3p2 e pgdp2dg (h = 1)

@n)pdE;  (2n)%dE;
B2 E3 = p3+m?, frLA dpa/dE; = E»/ps,

Espodf?

B = =0
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2 T A — A6 8 S0 0 K — AR, R BRI R A Y

BRIE A 2 L o
ﬂ g aE—l
[
(EE&*%%)
P1 #

U A R A AR X 3 Ak 2 5 R AR X I8 A0 B A AR i X 3 FE T AERE T (tigysus ),
MR 13-1, X% F7E oy FERINZ3NT 1 =1,so=1 BB F, B

|(di2yeur)|* = 7 F2 |FaFy + prypa—|?

%
Fl = F =F+m
(BB TFH By = B2 &M (16-5) o xf i 8] #5018 3 ), DA K

Pi+ =P
g = pe 10
H B, = E, BRIREIHBAKR/DNETHESHBAKAD). XH

|(G2yeu1)|* = (E +m)~%|(E + m)? + p?e |
2
=(E+m)”? [4E2 (E + m)? <1 e amigin® g)]

BETRS
= (2E)* (1 — v?sin? g)

Mo1=18=—1FHs=-1,8=10, v, WEKETEZE. Y s =-1,8=-1
B, B TE A AN 5 = 1,8 — 1 B —FE. SOBEZEBCH o B BEAR7E (76 Bomn
ERF), 3 LR S B XX,

(4Z2Q:E2> dn [l — v?sin? g] Q= 2psing
7 Born i oL T 2 22 Zh—f <1 EHRBAENBEE 0 ~ o B, EER

Z < 137. IEWMAEA XS R E B —H#F, SEPR b, AT ARS8 1715 Coulomb 5
(EBRBI SR BT A 2). Dirac J7 & BRS04 i (0 3l LT R 8L B & el Mott 35

3
mu m2v
. 2 = L o p? = (m? 4 p2)02 = E202 B oy = 2L

_'pl_ El
\ll—v% 1_1}% Er

o=
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H, FRZ A Mott B4}, X FHERER (200 keV), H — & MBERKA B €. 7 LA
F X5 = A iR Ak i 7.
5] #: (1) X F Klein-Gordon 2 (H e R F HIK.F) 15 Rutherford

s 455 SRS H AR —, BRI 1 - sinzg B 1.
(2) TF B A O A R T o Al T (2 5 5 e S B R o T 25).

£ 17 ¥

BEHRFEETFHITE

IEWRTPFAN R, HWAMAHE H RS Hamilton BN FERS ]2 LR, 15 1%
TR

> n(@2)dn(@1) exp[-iEn(tz —t1)]  (t2 > t1)

K@n=¢ ™"

— " tn(@2)fn(@1) exp[~iBn(ts — t1)] (ta < t1)

X F B BB F, AMERE 6, 2
up exp(ip - )

B3t n @R MR p B4 up, ZIER, EMHNTFHEN p, EERKERK R,
DA R (GEFEE XA AiER EkmTF. FRMTF Ep = +(p* +m?)V/2 fl tp > t4,
B o FREETZ

K,(2,1 Z/ Gn)? 2; Uplyp explip - (2 — ®1)] - exp[—iEp(t2 — t1)]

HF (2 o AL K e, 32 G BR Y 075 B % *
P

BT AL 9 IH —AK Gu = 2m 5% dyu = 2E,. MoAL up, R IEREIER. X F
Bt Ep = —/p? + m?,up, FARIHBAEML, H 2 t, <ty BF K, (2,1) ZERR
+(2,1)= Z / 2n)® 211,3 Upllp explip - (X2 — 1)) - exp[—iEp(t2 — t1)]

Foxt t, >t WIEG BT IR, SERIERE, p 7 2y V1 H B BE M bR
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Upilp. TEIXESAET

E+m
0 |
u . et —
5 0 vE+m
pm+ipy

. 1
—Pz-l-lpy)\/ﬁ
HE upt, SEFEMBMRTHER, FTUAXAFBEER, MARRR. H#E
WA B e 15

p=(E+m 0 0

(E 4+ m)? 0 0 (E+m)(—pz+ipy)
yDREIRL 0 0 0 0
T B ) 0 00 0
(E+m)(pz +ipy) 0 0 (pz+ipy)(—pz +ipy)
X
(pz + ipy)(=p= + ipy) = -p®>=-E?+m?
LI A o AR R
E+m 0 0 —py+ipy
g 0 0 0 0
PR 0 0 0 0 (FBefE)
P apy OO0 =0 =i,
AR, B FHERBESRE
0
i E+m 1
i DDy vVE+m
0
s GO G
= =M —py=ipy i i
0 0 0
Ul = (i (BHEmT)

0 p=—ip, —E+m 0
0 0
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25 5y UEBH, X BN B BE ) b A B BE R T A A A A AT SRR R
Evt — paYz — Py Yy + ™
Ep BRIEET MK —MBERT, RIEE, fE—2 LRSI —T —p,y,. BTL
— 15 ol R
(upﬁp)gﬁ[‘n—]t = (upﬂp)gﬁm—[: =FEvw—-p-vy+m=pg+m
RN RS, WA HBEERNTS, B bt 68 & 6 WF 255 #B:E H.
BES th-—ti=t,xs—x1=x, Ht>0, HFEFER

d3

K+(2,1):/(Ep’yt—p-'y+m)ﬁ2; - exp[—i(Ept — p - z)]

p UL By = (9% +m?)"/? T8 3 i 37 15 500K B0 A e [ 8 43 o, o 75 0 X
BUr. BEE, ERATE R

0 0 0 0
K4(2,1) = (i’Yta—t + i%g +i7y@ +ifyza—z +m)
d’p :
| G l-iEst - p-<)
=i(i ¥ + m)I (x,t)
7, 5 B
I+(tiz) = —i/ (231:)312)E exp[ ( g 1% (E)]

FERCRIIE 3 ot LT — AT AR AN BLSS. M S 5 3 °T LAGE B, %4 F ¢ < 0,
BT ¢ 8255 BN, 45 RHIRL FFUITE I, (¢, ) B9 R, 76 ¢ A6 BB L Je),
{18 X BT AT ¢ EER T

EABAOEEHET, &R N

I (t,z) = —(4m)~18(s?) + ( ) H;fz)(ms)

KA s = (% — 2?)2(t > |z|) B —i(2? - )2t < |2|),8(s?) & & K%, W
H® (ms) & Hankel ¥ . FRBHH S —FERE

1uit2) =g [Tdaen (- (3) [7F +ee@ -an)]}

Xof 25 B0 S5 bR N FH R U, XA IE KB R B 42 7. A ARV IE I, 25 % ) 5 &
FR S K H 1o T 45 2R
1) 2% Phys. Rev., 76, 749 (1949) (7= Kt ).
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VR, Ly (t, @) SCRR b SR ||, TiRAHE 007 1. 7ERT 25 (B 17-1)
i, 2SR ||, SRR RIS ¢ BITER OGN RT. B bR
FE— MR RE S b ¢ — o] 25 1A PO S0 VR 55 00 BC B, T BASIE B, S F K1 s, I (¢, )
MR T 3 IE BT eime. 2% B A R0 B R R 6 G PO B, K s BN RE DR
12> Jaof?, TR B K A BORTESS ¢ Bt iR, 3 ELR

2
I (t,z) > e '™ = exp [—im (t = %)] s @ ImE

N -,
N 7
N\ [ ¥ ’
N | | .
\ ’
\\ | g, /<\
7
S S s Y (b LA 5
SRR ~—<_ |l By
So Il
s Nt L L Bl
———————————— NS B e e e T
e s ||
—————————— 2 N TS e ———
i it 7 i N
e IS
" 1| N
N
7 | | o
o
s I N
7 1 ~
7 N
e ! o
s 1Y X
Bl 17-1

55— B A L 5 AR X8 B o BT B B BT (4 A . R
B, A0SR ARG B A B 7 s bl 0 O 96 /TS FO A B 5 —
RIEH || 0 HE L B, ETR LK s BEORE [of > 12, IRUE
L (z,t) — 7™ = exp[-m(a? — t2)}/?] ~ e~ ™I@
ATATE th, 2 | B B R HOBE 9, K24 Compton e (LAY 8 452,
£ m (REL REOR K, MU TR LR ) BT A SE B eHEb A &
Bt — | 2 LR LA 6.
BB S RER. FHB AR
£ exp(—ipat)

i
i dpp———m—m—m/mm—— = —— —iF, |t
il w | p4pﬁ—E§+ie E, exp(—iEp|t|)

FeAEAE . s3I ie T, RERN T HARRSBELD pf = E) & KB IEH
—i. HEIH RN —A, WS HAERES.

3 Aa: F BB 8 AR A SRt 75 2k 3 55 B T AR 4

B BRI RER, L (t,z) &N

d’p . exp(—ipat) exp(ip - z)

Iy (¢, = =
+(t:2) (2m)4 s pi = F +ie




$£ 17 i A Th s

B E2 =p%>+m?, ¥

_ [ d*p exp[-i(p- z)]
bt g / (2m)4 p%2 — m? + ie

B, Kb p IR, FrLh d*p = dpadp1dpadps, p? = pup,. VA KB 2 ie T, &

BB m B -5/ AR A AR A E . XHIERE S BT

SHERRE (WAL LRI Z ) Fourier B, M RMESR - R ES):
19 = /I_,.(t,a:) expli(p - z)]d*z

d*€d'z exp[~i(¢ — p) - 7]
@rf @ -m?

R E B p (B AR & R T p, T
‘[mum4@—p%d&x=@m%@—m
R, € U440 H 4 R

1
I+(p) i P2 —m?

BERAEM Y +m) AT L(te) AHAET (X z=2,— )

Ko@) =16 ¥ +mlt2) =i [ S26 7 +m
e™B o AP IR BE
== G
HAye 3, i ¥ /ERT expl—i(p-z) S TR p. mEZER:

1 1 p+m _ pg+m
j—m p—mp+m P —m?

B ARG T 5 W

_ . [ d%p exp[-i(p-z)]
K+(2,1)—1 (2 )4 ﬁ—m

SRt Li(t,z) FTAMRRENDSRE B K(2,1) BRI EES

K@) = [ K1) expltito-aldte = ———
X R EOR A 45 .

SERR B AR AT LA EER M RER. XEH T K(2,1) £ (1 ¥-m)
# Green pR%, B

(i ¥ -m)K(2,1) =i6(2,1) (17-1)



- 76 - A, EFEHAFEFHNEEE

NEHEIYHHBRBERSE ,62,1) HFIBERRE 1. TUXPFRBRERE
MEXTTUEEES N

(#—m)K(p) =
af;

K(p) = (17-2)

ST A5 25 3 m) w1 — FE.

K(2,1) R 17-1) MFEARIE—, #F p? = m?, WK (17-2) 89 (v -
m) " AT A, XA B T b R AT A 2T U5 B 20 fe] Ak 2 ER 43 b pl T 5 | AR
BB . EBRFRATT B A R RO X B R R A8 m A — AN TE R /0N 9 7 B 3.

£ 18 iff

HERK
Bh B BT B A2 7% 71 3l B R G b i R R R R A

Kip)= ot

HHIEFA AR ERIDBRZEHTEN. N TFRLSREZHN A BRT
BB, BEINAAN XHME/EUYE Fourier 8. A THALEHRI R ERSR,
E X
Ag) = /A(a:) exp(ig - v)d*z (18-1)
I 3% A5 4 7 i
A@) = oz [ A@ exp(—ig- )’y (18-2)
R A(q) BBENFAEFHE (o) MIRIE. Hlin, %8 Coulomb #, A =
0,p= ? AR (18-1)
%5(%)%

XL, K& Q R BAIZE RIS, & R 8(qa) K H A(z) SHEFA XK FRL.
ML HRBROMEMETE TR TEE TR ERIRRRD, —
S 0 A M T ph T T B BR A3 4

A(g) =

M= / §(2)eA(2) f(2)dr
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%4 £ ph T R

Y AUE / PR RPN TSRV WIS ST (18-3)
ESRE R, I F LN

Mo < Ao (i) (18-3))
R g HEXEMT =R KR g
4 =3+
7 AL B B b G T 1 S
- [[ s@ea@k @2, Deaw)s@anan,

PR HBL T 38, P B R (18-2) LB MR 9 2L Fourier 5%, -

A
i g //// ’&2eipg-m2eA(qz)e—iqz-:zzK+(2’ 1)eA(q)

: . d*q, d*
n e—ltI1'$1ule—lP1'$1 dTldTZﬁ@—,:])% (18‘4)

XF K (2,1), mREHARK (17-2), MalLEE FE R

i

4
Dl iph, - xl)l(‘;‘T’;

K+(2a1) :/
EHE n ARMEF, IHIRIR

7—m

/ei”'zle_iqr“e_i”l"‘dﬁ = (2n)*8%(p —q1 — ;1) (18-5)

K 8'(z) B L2 8(t)d(z)0(y)d(2). TRER p=p1+aq LIS p B9S2
WAE. XH, X p B4 EUR K (18-4) LN

_//// ﬁzeipzwzeA(qz)e—-ipg-zze—i(pﬁ-ql).zz

: - d'q: dgo
. —_— 1 B T —
i(71+ 41 —m) "eA(q)urdm, m)i @)

Xt o AR A S — & BB MUK (18-5)], BN Y

P2o—g2=p1+41
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WAAE. REX ¢ ROREH T
d4

(—i)2i/ﬁ2€A(Q2)(ﬁ+ q1— m)_leA(ql)mﬁ (18-6)

HEFEHEERE (BEE 18-1) hil 5 F X g5 R, B F7E M 1 4 RIS R %
ug FEAXNREIFENEAE pr WEBHBEFAR 1E318 K3 748 3, B
BEhE N g1 KOET N [FEH —ied(q) MIEAT]. Wik TXMETFHSIRE,
X shE~F1E, ENSIBR N g+ WBBA TR 3E3NEL 4. 755 4, BE#
BN go BB AT RS [FER —ied(g) WERT, WUCHHnE 31 & o).
REE BB R 4B 2, WREE uw, SIERE p, =p+41+q2. HE L
WaFH, REN ¢ B B Yy Mp SEZR, el =0 —p, —q1 -
E. BBESTFEEREXR p? = m? pi = m?; B2, BAREISRES, AOER
(B, +41)2 = m?. BRER (p1+q1—m) " ATEH (p1+41+m)/[(p,+41)% —m?),
B DA R 7 1Y) B B BT 5 i T 1 S R 0 AR B AU L.

2

Po=prtaitds
-ieA(g)

h

42 F1+gl

& 18-1

3 (18-3') F1 (18-6) B4 th I 45 R vI LAH YA F I T3t BT M =
(TaNuy) AR 75 i B . _

1. —AEhEK p MBS FX N 5T HkRE ﬁ.

2. A ENE q WEI N RERIRIF —ied (q).

3. XA RESE o B L

2m)4
T E, 7EiHE AL, %*i‘g\ﬁ)ﬂ”ﬁﬁu—%ﬁiﬁﬁﬁﬁﬁiﬁ. B, 7E 8
HEREPH m—ic RE m, REEMBFBILE ¢ — 0.
EMHXSRE LT, EMMEH P AT ETHESBOLI. BiZHREF (AKX
EHRF) REFEEH—K (Born L)) #H R EERHT.
1) 2B (BREME AKX PHEERE F )R. P. Feynman: “BAF 15", Phys, Rev., 84,
123 (1951); A= 3CE ¥ 1 SC Wit 42 7E it 5% .
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HRETTHE Z G, B ERTHRE

_ 2n
__HN

A [TV B2 16 Phrb Brie X IH—4b 7.

J IM? (K&

# L)



ot

VA NN

RLF 5 3¢ 8 B E A B 3T it 4b 3

% 19 i

FEEE 2 PEh, 45 TR 5 AR AR S AR B AR A T R A AR 0, 3 4 K
5 R EATT, AR e TH R B BER e A 2% IRB 18 Yk A FETHEE
R4 T, TR Sk Bt m] B F AR X S v E . X F R IBOEF, JE AR S A
R '

k4 =w
A, = (4ne?)/2(2w) "%, exp(ik - z) k- k=0 (19-1)
i=ec=\

Xt F &S F, XA R KR 0 E B, X B 5 — 46k B S 05 JE R — A
JeF. Bk, H—4L7E Lorentz B3 T A RAZR, UEHAERTH—fuh
TR R AR, 78 (19-1) R E£# Q)™ V2, B FRB—AE L
JEK 2w A6, W

A, = (4ne2)1/zeﬂ exp(ik - x) (19-1")

IX {75 FH X S ST 5 A (] 4 B T ER R A AR Y. (BN T 7E 45 2 B A AR R
BEERMKIEE, LALMASE-PAETERE (2w)! BF, ERAHE
—fEF [IN H—82. M TURESFHE—TETF, [V FEIHERLUL
75

FEShBRR D, B () —DRAH e, BT BRI —i(4ne?)!/? ¢
Bt R e, REATHRANEMKE. Hit,e-e=—-1,e-k=0.
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RFES
BRI R 2
BRIE MR /B = 2n(f|H|1)? (RAEHE)
A (f|H|i) ZAE X Hamilton &
H=a-(-iV-¢A) SR
TEV R A 2Z 18] f) 46 FE o, B
(| H]i) = (4me?)!/? / il - eoupiih t B)juealr (19-2)
3 A iEEAE X R R T X (19-2) kR
o [ Vile- pexplik - 2) + explik - @)p e
te- (o k) exp(ik - z)jysdV
X5 Pauli J7 2 545 R M .
RFHREBFI v & ES

PAEHEAT L F X6 F U A XIS AL B, fE R —FhE L, HEHE TFREA
M (— MUK, 7205 AR IS AL B, BT R B K T IR TR R4 fE),
XX T Compton AN AR i ) Klein—Nishina 23 3.

A% Ay, = erpexp(—igr - z) BAR AGIETF, Aoy = egpexp(—ige-z) Bl
ST ETFHRARETHEE IR (SEE 191), A,

e1-q1=0, ex-q=0

K2 (5
KF1 (AS) /ﬂf

» z
R apref

& 191

A
Ga=G=0, @ @=¢=0 (19-3)
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Y1 = uy exp(—ip; - z)
P = ug exp(—ips * )

HREBRAREE T ERE, KA u,ug,pr,p2 W2

Yiul = muy, Paluz = MU

pr-p1=m?, py-pp=m’ (19-4)

¥rae Rz B yE (WA%FEX) 5h
P = Po o (19-5)

IR REREF 1 #IERRSE, U

7 = my (19-6a)
o = Eoyy — p2 cos ¢ryz — pasingryy (19-6b)
71 =wi(n — V) (19-6c¢)
42 = wa(yt — Yz cos O — vy sinh) (19-6d)

JEP SRR IERETE c=h=1 BBANLH T, Y6 F 0 A8 & i sh & A6 55 T H
R XEHBROHMES R ASETF R LIS EBEFRAL, H A B RRIC
Bl

(A)er=7, B)e1i=1
AXREFHRBRREIE 2 Fm L, i BERMBRETE y Jm L, 00, &5k
F AR AL AT 43k P AR AL

(A') €2 =7., (B')ea=ry,co80—~,sinf

HAE R MBI RSFIERT A, Kol FRmMA ¢ REBBP L TFHH G A 6 WL
P Hft i B A0 RARH I8 F Oy i, AT LB AR (19-5) R 18 py, TR
ERFH U EHER:

P2 =1 T —s

p3=m’ = (pr+ 41— 42) (@1 + 41 — 12)
=pi+ai+a+20 02019201 ¢
=m? 4+ 0+ 0+ 2mw; — 2mws — 2wiwa(1 — cosh)
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KPP BFE—FMH TR (19-3), (19-4) LK (19-6a, ¢, d) %, FRXAIE K

m(w1 — w2) = wiwa(1l — cosh)

£
i R 1 — cos@ (19-7)
Wwo w1

X 23 4 ) Compton & (B R) #3h /A K.

XTFRSEENHRE

N AR HE W05 ¥k, W AR B R E AR S R (5 R A B A ),
HEREEN EMBLIIER p kR 5B T KSR,

p?dﬂl
Ep} — Ei(p - p1)
Hrh By AT 1 MEEE; E: MB T 2 WRER,; pp IEF 1 s &, doy
JkiF 1 S ESIAR S my RRLF 1 BRE; me BRLT 2 HER; FHE
Ei+E; = E,p1 +p2 =p.

A=A AXZRAF 1 WRSEERFTMA 61 (IREFF 0141) FTiX
1. B2

SEE = (Q2n) BB

(D-1)

B = (2m) Eljz dEydgy (D-2)
FEIRAEOL: (2) 3 mg = oo (By = 00, E = )
| SEE = (2n) 7 Eyp1|d2y (D-3)
b)) EFRLRp=0
SEE = (2n) ‘3% (D-4)
MR R =T RSN
BRI B -glg fidgiif : ®—p1) b

FEIRE DL 24 m3 = oo B
BHEE = (2n) CEy|p2|dpldpidy (D-6)

Compton XM I ARESH ZMRF, BOBLF 1 A%F 2, BT 2 AT 2, H
(D_l)s
w3d,

BHE = (2n) 3w E
%:g ( J'E) w2 2(m+w1)w§ _w2(w1WQ COSO)
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Compton %5 &f
|M|? &9t . W Compton XFR (19-7) HE 6, R

Erwidf2,
S = (om)-3E22d%
muwi
R0 KT HE R
27 Eow3d
] e = = IR 2 2 o I o) Bt ol
BRAE /B = oc 25252000, 1" (2m) =R
2
wd 2, 9
| WIOERRT A N
= Gneiemzar M|

TEVHE AR M R P, W] LA PR O 773K (R) TSR T ASOE T
REET; (S) BTFARSETFHBBASET. B 19-2 Eili TXH IR

Py

# fa
Pt £ o
£ )
41
't - ¥ o P
& 192

EHEERLD, F-10E RWERT M E
i[—i(4me®) /2 {taea(p1 + 41 — m) ‘eu1}

FE XA BE T, DA 1) 268 & TR YK A R AN T : (a) F0S HL F IR W wy; (b) LT
P — KB (RIS — AL e BIEF); (c) ABIRIK T 3 & ¢ R EF,
A& p1 + ¢ B #RAT; (d) BT R — DR e BT (e) RATHAEE
SR FARE up HIHRIE.

%3 5TFEASE S MEMIT. BAEMETREX &M SR
R (& 13-1), At XEIERE T, BH (M2
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g 20

REW M A
—idme* {iizea(p1 + 41 — m) 'ejur} = —idme? (g Ruy)
YERM SR, mTLAR S B % R T 2
—idne® {fiae1 (p1 — g2 — m) Leaur} = —idme?(iaSuy)

SRR TR & Z M, B LU

4

2
a=zmﬁmm@m+sm#

BAER) RIBURSEPR T R 1 S A RETT. 5% 8 R, 1 I fE %0
1l y+m

g-m  p?—m?
ATLAIEERE N R o B R K, 4

_emtatmen e+ +m)en
(P1+4q1)2 — m? 2muw,

MNTHEEXAEAKXTUE B> HEE 2mw;:

(71 +11)° —m® = p} + 2p1 - 1 + ¢} — m?
pi = m?
7 =0

2p1 - 1 = 2mw,

FH I HY 2 AT DA T 0R 45 A AR Ak A B e 4 R O B RS T, R sk i A
WA R, fHE SR
ak=2a-b—ba

a5

gop121 = £2(2p1 - €1) — €1
8 py LA BRI 48, T eq VA 25 8] 53 &, FrLA pr-eq = 0. BIAEGE pruy = mug,
A

UofoP1£1U1 = —la€ae1P1U1 = —(Uo€2e1u1)m
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X2 REE—TEKTT. RHNE—THEEITRS, R E. Frll R AT LA

_ 2211
= 2777,{4)1
BA B ERUNEE, S EMSET
g 214222
2TnLU2

¥ g1 =wi(e —z) M g2 = wa(ye — vz cos 0 — vy sinb) A, FH# 2m EHFHI,
S AT 5 AR

2m(R+S) = e2(7t — V2)€1 + 21(ye — Y2 cosf — 7, sin 0) e

B en H5q1 XKW 5 (e1-¢1 =0), €2 5 g2 RX 5 LA K g2e1 = 262 €1 — £1£0,
AR — AR A B
2m(R+ 8) = —#2e1 (7t — Vz)
—#1€2(7t — Yz cos O — 7, sin )
= —2(e2-e1)(% — 7z)
—#122[Vz(1 — cos ) — 7, sin 6]
R AP IE AR, BAERE TSOFEA S, i, HERAAER &1 =v.,22 =

Yy cos@—, sin @ : XAHR FEE 19 PErh (A) 1 (B') M AL, RATHE HICHE (AB).
HHR es-e1 =0, BUEMER

2m(R+ S) = —7,(yy cos @ — vz sin @) [vz(1 — cos 0) — 7, sin 6]
&It i As

2m(R+ S) = —7:[1yYz cos (1 — cos ) + cos Osin 6
+sin(1 — cos §) + ¥z, sin” 6]
= —7,(Y=Yy — Y=Yy cos 0 + sin6)
= —YzYy7Vz(1 — cos @) — v, 8ind
KB R T v MR RS KR EASR T B IER L5k B e
[T (s1=1,50=—1) WIEH, ZF L (13-1), /145 B H5E BT
—2m(F1 F2) Y (ligvzyy2w1) = —iFap14 — iFipoy
—2m(F1 ) 2 (tiav,u1) = p14+F2 — por P
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EFREE: EXEES, BART 1 B# IR, i piy = pa +ippn =0. B
i, X FHAL (AB'), BHE s1 = 1,80 = -1

* 20-1
B AA’ AB’ BA’ BB/
el Yz Y= Yy Yy
e ¥z Yy COS@—7sinf | 7, Yy c0s 8 —", sin 0
2m(R + S) 27 — Yz —YaYy7=(1 —YeWwY:(1 | 2co80y: — 7=
-(1+ cos@) — cosf) —cos @) (1 + cos @)
S —y sin @ —7, sin @ +7. sin @ —7Yy siné
LS 81 = 1 2F2F1 ' (1 0 0 2COS@F2F1 = (1
E sy + cos 0) F1pa— + cos @) Fips—
g :’3 s2=1 —isin @F pa_ 0 0 —isin@F;ps—
IE Bfa=1 0 —i(1 — cos ) —i(1 — cos ) 0
.& 'Eo: Fipay Fipay
® - sa=—1 0 —sin 0F1p2+ +sin@Fi1pay 0
e =-1 = =il - =
i (j 1) 0 7 A L e (:1 1) MR 0 5 3k b, T (31 11) s
2 = — 2= 8=
i =5
mm%L%¢(“ l)mﬁﬁ%m
S = —
% B 04 2B B o B S =

MAXZEK

2 m(F1F,)Y?(iig(R + S)uy)
= — (1 —cosB)iF1py4 — sinfpyy Fy

Xt FHAlBR AL B Red & #1850, 7T LA AR AL B8, 78 A LA Ak 1978 K3 i
(F 20-1). fEME, HIEE BITIER.

Xt FAEAT —Fp 5 B R AL S BL, | M2 BB A ST B eSS KB, X
b B e 25 48 [ TR R K SR AL ELUR, AT RUE Y, X HOR R R AR AL BT R
FI AR T B 70 9 R /NB S J5 . BN, 7E (AA') 5B

|M|? = |az(R+ S)ui|* =

4m2F1F2

—(1+cos@)Fipy— —isinOF 1 pay|?

Pe—t=piotrql— Qo =1 — 49—

= w) — wy cos @ + iwy sin 6

|2F, F,
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it

m m
— — —'=1—cosf
Wa w1

] DAk & 0 OO B SR T P O, @ RERBUE R Z G, KA RIIER
20-2 PRFER, KPP WU AXTULE—-FH—-TERX

| 2
v = [l ey 2
CN)

YE B A SR IE T B AR AL, B30, 3 ey R %(m + ), WA H, i F

g1 B KB FR RN AL, B AR T AR A5 IE B B4 T, 46 50HE X AR [ T Y O Z R
BEAT BT X T

*® 20-2
® |M?
AA’ [(w1 — w2)?/wiws] +4
AB’ [(w1 — w2)?/wiwa]
BA’ (w1 — w2)?/wiwa]
BB’ (w1 — w2)?/wiws] + 4cos? 6

BJa, B A B A S S S O T B O R T 2

et wa 2 P w1
= [ == V[ Z2d AR i 2 o 46y 5P
il (4m2) (wl) ¥ |:u)1 i wa o (61 62)

XA EH Klein-—Nishina 2y, X E# AL, X4~ H 2 0% B A #9846
R

T K (2,1) BB RS EHE— B, 80E 0K 20-1 XAERFELE
ZASENEHES D FXERTUFEHEHER NS, ELEET 2
HREE. (% M8 AN T F A 5 R LA ROBCEE =8 F. i 20-2 Brw.)

?
% i
21 12 2}

& 20-1 & 20-2

)
f.0)



& 21 i - 89 -

g 21 #

Klein—Nishina 2 X, 89t # 7E “Thompson” HBEM T, w1 < m. L
FREBAGRPLHEER, H wi ~w,. B FRBEIAFE H A

mwy — mwse = wiws(1 — cosh) (21-1)
FE MR BR T, Klein-Nishina 223

o= -n;(e1 - e2)%dn, (21-2)
X 3 /2 Rayleigh-Thompson 5T & 1. 4 & #% B8 ik & F Compton # 5 #&
5, 5RFRAMEEAM K, w 7R 3E% K.

HEREBREBEIRESER. fEXFHY E = Ee,; - exp(iwt) BEAT,
FE, F %) in 2 BE Ay

a= iEoel exp(iwt)
m

LI, — 132 B0 E B B T R A, R B, = —% (B
7 3 T A v 2R A9 S T b B 48 i 33 )

TE e J7 ] AR AL B TS 48 5, b hn 8 BE R X A T 1) B BB E. TR
Btk ex HOHUNFRSTRER (LN R?; BN LKA, BHALASRE)

64 2 ’
I m(el $ 62) (21—2 )

ZGEH) b e ATLLAI T AXARE R (21-2') (o 2w K EFF):

m? = (7Y = ke gry

h
4 2 N2
e e ¥
o el =12~ 8 x 1072 ¢m?
m mc

HACTE ) BWTEITEARTA S R SRR A A B # . 3T b 5
A8 TR RBE SR SR, B S A SR B AR A SRS R T SR Y R BB A ST IR
A R, AR A7 B, R (S#m) i2oh AAY A AB. B —
Tt AL 6908 F 89 B HER B AA'+AB. FRBEASIRN A BRIk B Hikik

HIBERAESE. GORBER AT % (A A %Bﬂ‘t’lﬁ’f%%)w% (B Ak A B 2t i 48
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) TR, R IR AL A ST T, 4558
o(HEFH4) = (AN + AB') + 5 (BA' + BB

64 w9 : wa w1 .2
= W (—) d.sz (— & i u‘1_2 — s 0) (21—3)

w1 w1

57— 5 T A0 5 00 Bk o S5O O A (A BT SREATS 1B B B L), % e i
B9 5 i F 51 L4 1

1 AA! / wa +ﬂ

A KM mmE WA +BAT O o)

B’ %’é*&ﬂ:ﬁﬁﬁ$ l[AB'-}-BB'] ﬂ-i—ﬂ—28i1129
2 w1 w2

6] BT R 5T (0 = 0) AR Atk AL, R AEAEMTIEF M MBS+, BF —%
R, FERBRRT (01 ~ w2),0 = n/2 TR LB, XFERL
HAE 90° 7 ) #5287 AR AR

B AE WA (21-3) P4 HEERE (B ) X L&A

df2 = 2nd(cosf) = 2n;ndw2
w5

By, W45 2 #OUH BUET f i SEE. BTLA, K (21-1),

s 0y a B 0 (21-1)
(1)) wi
% cosf M\ —1 AEE] +1 B, 20k wy 7E o Rl wn ZRAZEAL K (21-3) AIE
1
H
42
dop = e 2<2+ﬂ_2_m L
2m*® wy w1 w2 w2 w1
m?2 m? 2m?
e =
w3 wy wiwg

KPP BFEETKA —sin?0 = cos?0 — 1, FEHR (21-1') HEHRHHD

e me [/fm  2m? ¥ 2m3 2w, m
T7m? |\ o2 w3 m+1 2w

+4m2 & m3
w? 2w (2w; + m)?
1) &F& Walter Heitler, { 48 §f () & F B2 ) 3 AR, Oxford, 1954, LL & B. Ross Fl K.

Greissen, Phys. Rev., 61, 121 (1942).
2) 2 F Heitler { 85 A & F3H L ) p.53.
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FERBBRT (w1 — o0)

1
or~—Inw; —0
wi

B i, 78 B H R, Compton HUST 7T LA Z B, kL1 X% 7= Az 48 jl 3 219,

EGEFIERARNETF

BETFHEI S FHOME, TLEMTF Compton BH 5 — R EIERHE
FXHE B RO F. M 8A SNH S 546 R IE 5 X R, R s
BB RSP, 76 SR S P AT BN EF. X R AH BAE AR LA B R OR,
A 21-1. XA E5 Compton B S A (20 #F) Mk, KBMXE T H T 1 B
FrtR, DEAEKF 2 ZBIEBRF, pp=—-(EBFIE). T2

pr=(E-v—p-+7)
72=—(Esye—P+7)

A 21-1
KRPHEFMERTFRER E- M E, HHER FEERSE
= —h =1 (21-4)
(Br$ g1 I AR A, IESFS Compton 85T B —FE.) B LA A8 B 4E FH 4 48 B
JLR
My = —i4n62(ﬂ2£’2(ﬂ1 = m)_le’lul)

FH AT An7 00 & 5 v AR A BB X531 f) 75 — o] B4R 00 2 e A — A A B AR B m A
KFmBEE (FE 21-2); XEFFHKERS Compton #lH HAH L.
HEE THEKT

M; = —i47(62(ﬁ2£'1(ﬂ1 e m)"le’gul)
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A 21-2

X ANEETHAMUERESEEAL THERFEIE . ERTFTEHINERS
Gl 0R AR

2n
o (EEE,%EE) o (2E_ - 2E; - 2wyws)

|My + M| (BEEE)
RETER

wiwg w2 dn
(2m)3 ! (wow1 — Q2 - Q1)
AR T 2 RIEHR T, po = —p, FTUTHEER (214) & il

P1+P+=4q1+14>

FR
m2+2(p1 -pe) +m?=04+2¢1-q2+0

h
2m? 4 2mE,; = 2wiw; — 2Q; - Q2

BOUEHR FHEER |py|/Ey, BHR

mees (23‘(5)0)%(101
2E_ - 2|p+|4(2m)3m(E+ + m)
s wfd(21|M1 + M2|2
 64n°m2|p4|(m + Ey)

AL BT R A, ATLIERER L, MR ES, HEENERETS
Compton A% S #) 5 B TCAH [R]. 76 8 P XA 4 TR o) KIAFS. BT L, 80

etwid, we Wy )
= — +—+2-4(e-e3)?
y {4m2(E+ +m)|P+|} (wl wa ()

'Ml + M2I2

2l F Klein—Nishina 24 3.
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g 22 i

I FREFER

HIEHR TR E B FR, 5 21 P KEF - ER FEEAKXEB
(0 ~ 1/v; X F Ho AL A W A SR i 2 2 09 38T, B AR R L ;X R
BEM 1 v BRB), ATHEY vy - 08, ERFEBEN p Wl T (AT—
D B AR T R T E D 4 S 5 JEDOK — AR B R T B A A, FRATTRL A

BRIEME R/ = ovyp

UK vy - 00, By - m,w; — wy — m (4 H T HIE H FEGE M LA, B
BANFRshE RIS MR, shEERAREFIE). XHE

4
BREWEHR /P = ovyp = %napdﬂ sin? 6 (22-1)

A0 RPN TFRMATTEZ BB KA (cosd = e - €). 5 sin®0 HIX—KFR
R, AT FERE A/ 7 B e BMER 7, R AR AL TF S

FOBRIEMEE, 25T < b A BUA ( [aa= 4::), 3 AL R -2 (50 = 1/2).
SCREAT

= nricp (22-2)

(AF rfl c RERB T HkR), X rg BEMEFER, r BEHHAm.

A 1. HEEMRE LR FAIERFROERETRE EARSR G R g R
B (BRREAT) AMBEEAIWIET, —EAELBRH=1HT, FEER
K& (BE T —&).

2. WEHFMEBRFEBR=/"6F (B IELFELT) Br s 21 F it
B, BIYRATRER: (1) B EZERARX; Q) UEFHRERXRE H M; 3) 1F
HRETR (53 13-1 M, (B2, g1 = my, p2 = —my); (4) X /AFRALIE BL 4R
M BYFERETT; (5) 4R RS B R TR R, (6) AR RALK A, (7) K
HEFil; (8) XOEF ik A B/ KR8 B FEAEE; (9) 5 Ore Fl Powell )45 1
HgED.

1) A. Ore #il J. L. Powell, Phys. Rev., 75, 1696 (1949).




<94 - A, RFEXEEERANEITELE

3. B, TS5 MBS ¢ =¢+ag TR HP o BEEFE, ¢ Bt
Fahi. TFHRAR ¢ 5 ¢/ iEM, £ Compton B HEKTTHH ¢ 8 ¢ &
B3 M=0.

e

Y F il Coulomb i, & ZfhFe, [0S Hhns. ML g, X%
ARG REE TR NE EERGSPANETAE - EXNBRRKIIAR
BFEHFEFETF A F5ESHMEIEHLHWERR | shEFE. il
U, B FEREZ FEshi, Al RE R 56T IHFBRER 5 — A RE T8 B 22-1
T XA SR, HFEX T R ER A .

T2

HF 1
# Coulomb 7
*F
Fl 221

TATH B Coulomb # H k47— AHEAEA (Born FL L), X F L L
ARHEEFES 16 PEPiTie . B8R S AT LLE A A B @ F 1T () BF
%5 Coulomb FHHEAEH, HAHIETF; (b) BFHREHNEFHS Coulomb 3
MHEEH. XA SBRME 22-2 fra. 5B FHEEER, 31E @ 1£4H8
F. iEEEFEZEK

i+t Q=p2+q X RD=p2—p1+4q

5% 18 YEh B LiEH, B A Coulomb 50 [8] J& &, Fr LA Fourier ZF #t 1F L F
5(Q4). XBHREHRE Qu=0 WERTE A BEA A, BIFEAS B F, KEHFHE
F2ZIa, geBULHITFE. X B = B +w. BREMEE

21

&ﬂ&%/ﬂ =0V = m

|92 D



£ 22 i# OB

P 1
¢
4(®)
P+ Q=po+d
Y (@)
71
(a)
& 222
B o e R T PR A,

D = (2n) Eypod 2pw?dwd 2,

HE, FEFELETE I TREARMER (B, BAE Compton K H1 7
ﬁé)a /T:’\ M = (ﬂzMu1)9

3 | 3
% dadU Ll vy o)

Rk —Tisk B B 22-2a, 5 TR B 22-2b. YERHITF, WA TN 2K —
WA F. — P ETFEES w, 2 Coulomb ks, BRI T4 MEE @
Ja, BFUME pi+ @ BHES, HBIERH - RN ¢ BT RER
fiIla B F AL TF up BE? FEZAR S A48 R H, Coulomb # 2 (BFH 18 ik
HRERR)

M = (—i)(4ne?)'/? [z z] (22-3)

2
V@ = (Z25) 5@un = Q@i
(8 F 4 Coulomb 2 #9 FEM25, [ FIIE 40 V/(Q), BB 525 WA X841
Fourier 28 #t.) #8438 v A9 48 PR L 45D,

M = (i) V(@) (e SR,
+%%%z> (22-4)

th 6 F AT AZEWI AN AR 6] 5 1) AR Ak, A S0 5 AR A B AT BB Y A e
. BT LMRTES 20 o #ES Klein-Nishina % [ B Fr /6 B AR RE, % 131
EEFEETE Nk BREFAHARE, FREAFER @i 1) b T

1) (#1+ R@-m) @1+ R+m)=p2+2p1-Q+Q%*—m? = 2p, Q+Q? = —2p1-Q-Q*,H Q4 = 0.




- 96 - A, HFEXBEEANEMIELE

ALK, (2) XF B F HBEARM, 3) X AFHFAHRSKEWZE, &
IR g AR
2\ 2
dei= % (2—62) ezdjwz—i sin #3df5 sin 61d61d¢
p3sin? 0,(4E} — Q?)  p}sin?6,(4F3 — Q?)
. { (B2 — p2 cosBy)? . (E1 — py cos 0)2
2p1 po sin @) sin O, cos p(4Fy Es — Q% + 2w?)
__—2w*(p}sin® 6, + pisin® 61) }
(E2 — pa2cosb)(Ey — py cosby)
Y FRER /AN (B FR b RE /D, HH FRREREKR), EBT
Coulomb 3 14 FU5 #k I 7T LS B — A 51 & LR IR . MR (22-3)
T H g RF @,
Pl 2y1/2 1 1 ]

M = (—i)(4me?) [z’p(————z_i_q_m—V(Q)—l——V(Q)m_q_mz’
Po+qg+m 71
T A V(@) + ¥ (Q) g e
N RARR epo = —pog+ 2e-po, 1 = —gp1 +2e-p1, XETH g MR/
=8, W _E X2

(22-5)

— (—i)(4me?)V/? [z —“—qtﬂz]

r P
M ~ (—i)(4ﬂ€2)1/2V(Q) pIZBIﬁYt + 2; PZ"Yt i me"‘)’t
L 2

] 6(Q4)

b —N€P1 + 2p1 - ey + meY;
—2p1 - q

- (-)net) V(@) | £ 2 ﬁ] 25(Qa)

HA A2 T B8 HATE uo Fluy B ZME M BFERETT, UK dops = tgm, pr1u =

mus.

TR, ZEOE TR B 5 N

1 21 2 Ezpzdﬂz ]

do =2 |3E0m; " D —Gnp

2
e2dw -dfn, ‘[ p2:e  pi-e
Y p2 - % P1- g
BN HES RSB TIME SEFE 16U, TRE—- I HES A #
BR, BAEAE MBS E p) B po BB HBUST B, FEA5 2R (6] B dw MK fA d2,
RGHEF R,
JA: HERFEITEEZFFMEEREFRRIE. B&E0FHE g BA
B R g
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% X FHMEIWAEF, BEN—AHTF, ITEFEI—KXPRHE
FEML

IEEfBFX=E

BHUEW, BRAGFAERLAM T A RRFFEERTE BARELT 2m
MEANEFARZERF-EBFXY. BMEFAU—-EBF4EBTF-ERT
xf, B FHEERET, UB TR SBREF AR A, (58T 50, mE
THG, B TFHREE & —XNEF-1EE T, AAErfEE— L 5.
IE MBI BUE S 5 00—, ARAARA T AR ERERE: () ASHET™E
BY-IERTXE, B FHSESMEER; (b) T -EdF-ERFXE,
ERTHSESHMEERN. XRAELINE 22-3 iR, BFEkUH: 1 ZIE
PSR, g, REFIHE. EEWE K IT @ (A E & 585077 1), X L8

L1 P e

')}
Y @)
P) Y@) ¢

A 22-3

BA LR BARPBUR M MARLE: 50 (a) 7 g1 T8, BT 565 Coulomb
¥, BENRFHEM; 78 (b) &, FHEUFE R R, BT X4 S B8RS
B9 A ZE T, 2% B E J7 [ A, (1) g0 RIER T (BT 3F i E 6z 3h), (2)
R R AT ¢ XHEILHER, w7 LT P B0 5T 958 B o e X
TR E, RREE g B —p, B B —¢. pr BIERTFHHE, 2 g 2
BRWOE T shE, MR, BARERESR T RETMER T, REFEREAS
A B9, X

1 [(Ze2\? ! : d¢
dai=— 72 (ﬁ) e? (p+P— sin 6,.d6 s1n9_d0_F) { } (22_6)

AR, ATIETFIBRMLE — FHE




.98 - N, HFEXRBEEAHEIISAE

K KFES SPBEEHR (22-5) P —H, B BZMT R

MpHp, H-0_-%6 HEWME, H —p #p
Fﬁ—0+3§%91 FH—E+$%E1 H-witw

Bl 22-4 LT ME (¢ R FIET Vil -5 IE B L8 f )k A).

El 224

g 23 i

BT B RS R TT &

NP PEAT M 5 R A, AT B R R s (ER —EMA
S BT B REAS MR F) M. SR L, Gl AR R RSN, 3 EANR
SR F B BES. FEXMER T, AMTTEN Db - 5 8 & o %
KA B HEA AL 2R A LA B i A st 4 2 B BE AR # ok IR A8 . B R
A BRESAHET W, MwA B IETEAL ] 7 m# A AH R B HE R, Br DX ek 2
E#E. B Lk, &

o ~ |(iizMuy)[?
jZ sk ;
oriie > l(@eMuy)? (23-1)
HiE 1 B BE 2
R Z F B ERMF - EAS RS B REA (BP YA 0T 88 A A 4E A
BiE 2
R EAY) SR AU, D RXFE AR S MA B KA. BAEKE
H e 1
) R T R — i 1] B A 5 R R T H B X LB A
o2 FRCH P B¢ B B e v AL U, T T A AR ¥ R ST Y

3" (w2 Auq)(iiy Bug) = 2m(iizABus) (23-2)
28 w



£ 23 i 4199 -

X A M BT LLRAETE A 26 B, A F 2m Rk BB — R du = 2m,
TSR ARX uy AR FHEAESHETH. ERE, £ (23-1) PH u, FRL
R, (LW R prus = mu, RIREEE. EN1R TEM pn WAME m. H
A i =m? g WARIEE —m, RFEN R prus = —muy EFH BA#, EF X
(23-1) FRERMNZHMILA WA ROKEED “AAEES.

mRER (23-2) ', B ERAMEMES PROEBETRE, M D —#,

HBE 1
Xt IEAAEMEZS R AL BT LA, % 5%
> (2 Auy) (i (p1 + m)Bug) = 2m(iiaA(p1 + m)Bus)
28 uy

B2
0 X F A AE &

i 3 {ﬁl(Zm) S F IEAE 2

Fr LA b T A4 3K 0 55 F
> (@12 Auy )2m(ity Buy)
HiE 1
HE 2m BF, 53
> (iigAuq)(iiy Bug) = (li2 A(p + m)Bus)
A iE 1
HF RS WA EHE, # (71 +m) WEREER. SEL, nE
> @Xw)= Y o (inlrs+m)Xus)
B iE 2 2 ug

A X WRAEEERE. BH—HEMR douy = 2m, BIKATE 5 —RKME 2
R (p2+m)X K. EE X Ml po +m KIKFRIXEER.

& JE KR ]
3 > D I(aMuy)f
HE 1 BE 2

B, 5 AT 45 R R P, BARG e

2 2 Y eMuf =g 33 @Mun)@Mu)

e 1 B BE 2 B BE 1 H HE 2
1
— §Sp (72 + m)M(p1 + m)M] (23-3)

« R (23-3) " Sp R, HALBHBA M ™ RERRH. — FHE



- 200 - A, WF5RBEERBHEX IS E

KFE—MNEBSEEXMN I IESHRERERT. Lt p,p. BB TFTREEIER
F, K (23-3) B2 L.
A5 UEBA T TS H A TLAS F 8 B R A B A K

Sp[l]=4 Sp[yw]=0 Sp[zy]=Spyz]
Sp [z +y] = Sp [z] + Sp [y]
0 Hr#up
Splvwl=¢4 Hrv=p=4
-4  BHv=n=1,23
Sp [ak] = %Sp[ﬂb%—bﬂ] =Spla-b]=4a-b
Sp [ake] =0
T, AR AW RIL B (W0 A) AT EE.
Sp [(#1 + m1) (P2 — ma)] = Sp [p1p2] + Sp [mape
—p1mg — mimg| = 4(p1 - p2 — mimy) (23-4)
Sp (71 + m1)(p2 — ma2) (P + m3) (P4 — m4)]
= 4(p1 - p2 — mamz)(p3 - p4 — M3mMy)
—4(p1 - p3 — maim3)(p2 - P4 — Mamy)

+4(p1 - pa — mama)(p2 - p3 — Mams) (23-5)

YR —AB1F, B X FR AR “4b# ”Coulomb BT E 2. LATE&5E)]
AL L F /8 2

2

o= (%) awnan)P?
HHR 3 = v, B3R (23-3) W8 AEM 1 B F B9 3% 1 =&
187072t
Tee AL = 5 (ﬁ) Sp (P2 + m)ve(#1 + m) ]

WA AE#EM (23-5) REH, HF mo=ma =0,p2 =ps = 7. ®F - FHE:
BESR w1 = 2E) — pr1ye, W AT B B

(72 + m)ve(p1 + m)ye = (w2 + m)(2E1y: — p1 +m)
N LA BT B A, BT LAE B 3X A58 B i 2

—4p; - po + 8E1Ey + 4m?
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X p1-ps = E1Ey — p1 - P2, p1 - P2 =p?cosb, By = By, FiLL ERXETF
AE? + 4m? + 4p® cosf

Xl F m?=E?-p? TREmEER

1Z%* 2
ol = 57[8E + 4p“(cos 6 — 1)]

4%t .. T
= Qi E <l—v sin 5)

K v =p?/E? X — A LARTE A H A7 48 2.
R F Coulomb 37 &) BF ik 38 K
8% 7 A RV BN B0 R A T o, T
V(T

V(Q) RE MR RS, B
V@) = / V(R)exp(~iQ - R)I*R

Xt F Coulomb #\, & & n P2
ZC2 NN
V(Q) = 4:nW "

99

Ak Q RIZBABKSIE, Bl py — po—q.
RERE HEE QEMVQ)ZEK Y=1hBE KL (B 23-1) 8, i
B Q Mtk /ME:

|Qumin| =P1 — P2 — g = |p1| = |p2| — (B1 — E3)
XFEEEKEER E > m,

2

3

E-p=

)
&

TR, EXMELT,

gl (LN e
Qmm—- 2 (E_'E_;)—2E1E2
HILE H, 24 B — oo B, Qmin — 0. EEEMBER T, K237 4 M BER

S 6 28K T I A R ) 34 o 4 .

M V(Q) BB Rk P AT UE W, BN EEFIRKE R ~ % B



- 102 - N, HFEXEEERAOBEN S LAE

FRLA, 24 Q ZE/hAf, EEHK R X148 K. Coulomb tﬁsﬁﬁﬁwﬁuﬁﬁﬁiﬁ}{«%
HEERENR. NMAMHOAR, TMHHHE L TR B RFEEBRRAH

len
aoZ~ Y3, Hof ag & Bohr ¥42. XK, #
1
. Qmin ¥ aOZ_l/S
s R Y ol 5 s
ES > 5 (13N)mz=/8

W B e R N R . R ZIRAR, & B A T, RO RS R, ATEE N
{di i B Coulomb 3. B4 MR
V(Q) = 4g2 7 - F(Q)]
Kb F(Q) RIETLHMET,
F(Q) = / n(R) exp(—iQ - R)d*R

n(R) R THE, B R KR

B 24 #
33 FE TR PV BRE AT I B KB, &SRR F 608 AT LUK UK
o = gpe?4nd 2 (i—i) [ gpiu% —plpilg] (24-1)

K H oo BB K ST AU R . BLE % B & 558 =155 )6 F #95 Compton
Bt B 24-1 mHE T =FE.

(59)
ﬁ) f(m f

& 241

UEBA 3% A 200 0 8 T 1 5K (24-1) 45, T 9 4 09 A Klein—Nishina 24
. (B4, BE q B/DE)



g A
JLTBEFREEER

B Dirac 778 RR— R F 1038 3h, RATUIAEE o & F i 30 H 2% 10
L BE AR5 AN 5B £ BT M ELAE AR 08 (R EARIE ).

B BW A TS S, XA F o e R X, SRR
WA MR (BER 24-2). BF o /5 1 P4 3, FETE T b ik 2 M
FE 4 IRIEICH K3,41,2). HREBEFZRIAREMEEM N K 05
HEB/BFRRB KB, 1)K (4,2), Hd LM ER R K UEREHR
BT o AR 1, KO 24,

3

HXH

24-2 A 24-3

BoMHEEABRSSE MR R RAE 3 M4 ZEEH TR T
(ZF B 24-3). ¥R Pauli JF B, AL &8I0 655 — R gL X
FFF k. Pauli JEEEUE, JLAS H 4080 1 R 4 I82 BRI 4K, 7E 38 46 B N BT 19 25 (]
AR, SRS XA T PR AT R R IR IR 2

K = K*3,1)kY(4,2) - K4,k (3,2).



- 104 - £, LT EFHHEEER

TE T RFAP RGN, TR, — 52 3h i F 3 AFF7E X B
WAl F - BTN, &G, B PR PR — A IE R KT . X6
FHAFF AT BEAY T O, I 24-4 Fron. 34 30 A0 EIR I LR P b AT BB 1R
DAY 9 R 22 [ B 22

L 3 4 1 3 4

HEK

A 244

X — A, BT — P 3, B 28 10 25 B B 3R 25 T Ik 144 28 3 A9
FHERLUEE Py. Py EPr IR H A GREF B2 IR, 8RR X 7
AR TTREYE, EAR 1. AT LUESE T REITE Pv, SR\ A B BEHIT
HE A FECH BT - IE R TSR EER, Nk 24-1 s, frf X Lol
RZFALEFT 1, Py MEF] b 3X 07 BERIRGE.

x 241
POy AR U A
0 PyI?
1 Pyv|K4+(2,1)
2 Pv|K4+(3, 1)K+ (4,2) — K+(4,1)K+(3,2)
F% %%

Py W R/NBOR TAAAE RS B L, RRIRIEFJ7 (BIeg £ T Py BF) B
“BEFT, SCBR bR 45 TE H 3 v 4 Tl 2R B RE R R

5+(s?) MR BREAEE - NFMHAILF KSR (Pauli ).
AT A — 4% R 3 e A 5 24 F) 5 [ 2 A, Al AR R B AT S MO8, B R
5 3 9 B A AR IR AR ok, = B IR 0E.

A8 A F 9% 08 9 3E A XF 18 Born A 812

K(3,4;1,2) = K© + kO

=R e, g A5
KO = K§”(3,1)K(4,2)
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il
KO = / K©)(3,4;5,6)V(5,6) K0 (5,6;1,2) - d>zsd3zedts

WER, B AR AT 8 v AE BAE B R B VE B FRANBLF, B L ¢5 = te. M EAEH
#JE Coulomb #,

2
V@®=§;

R PR 0(ts — te) TE N — A FAFEIEE, WXTTF ts Fte o7 AP A2 TF
HaER TE

2
KO / Ko(3,5)Ko(4,6)-—0(ts — te) - Ko(5, 1) Ko(6, 2)drsdro
5,6

KB dr G 7 BB et E A&, 7T LUHEE, B K R Ko, 3F51#
HERBMBEE, F 0(ts — te —7s6) Bl 6(ts — t6), BT BB RIEET. R
MiX— 6 REAR T IEFRE. B K Fourier 48 ¥ BE A I 534, XA i 4 3
4, TEF{UH IERE &R, BP

5(X) = /_ exp(—in)g—:
R TBIERK, & LR
dw

(X)) = /Ooo exp(—in);—

B EIERE. MRk BUE h B R e, XA

SR e

e—0 ml
= 6(X) + % (% E@i{ﬁ)

BB ts—te=t UK rs6 =7, BHEIRD t5 < te M t5 > tg PiF AR AT AEAY, N
HeR 3K 2
V(5,6) = [0 (t =) + b4 (~t = 7)]

%3: (1) iEH
51;[5+(t —1) + 04 (—t —1)] = 6, (62 - r?).

EX 212 4 s, ER—MHMNBARER, &4 %0, (s2 ). WABAL B 55—
TMRMMAEAIER, EIEKTF -V, -V,. H Dirac FBEFEHNICS, XIMFHE
—a, - ap. AHFEMER —(Ba), - (Ba), KRB EH, ZE /2 S F, Coulomb



- 106 - . L1 BEFHEEER

HER S IE T BaB. X2 BRI TF A THM S EHET. X0, BAOH A
#H
€*6+(53,6)[a - B> — (Ber)a - (Ba)s] = €*8(s3,6) 77,

B — AL F N2
KUM&QIJ)=—k2[/K?N&aKYK¢6h$Hﬂ
54+(s26) KM (5,1) K (6, 2)drsdre
= =ie? [ 1K, (3,519K (5, Dlabs ()

(K4 (4,6)7.K+(6,2)]pdrsdTe (24-2)

KA v W ERE Ky 89 bR —H, RRXANEREER TR —4H2 4.
EXMERE T REBREMHAT LUK 24-5 Fs. R T B F 2R3 #

Bt F. BGCF A ¢z, y, 2 WA T7 [ P B ] — A RAL. vy, BIEE TR
FXT AR AT REME R SR AN A F R R AR (24-2) B F A 5 HE A&

6 (SR M 6 BIEI A 5, BB T B (A .) MOIRIAR 6, (s2,). 30 (24-2)
0T 4 4 0k T o 3 ) 2 A R R Y 5 — P R 3A AL

g 4
5 6
i ¢
&l 24-5
(2) iEM ¢
d*k
5+(3 = _4n/[exp =i )l ey (k2 + ie)(2m)4
5+(32) = Rt



% 25 i - 407 »
g 25 i

ETRHIANZE AW HES

W E—IFRER, BR, ALk R TR EMERBGRMT: (1) k4
(BRIBHL) — T HIIER evy; (2) — TR 1 BEBA 2 BRI R 04 (s3 ,),
Ry

6+(S%,2) L —4515/ exp[—izz- i.’l)lge— xl)] (211;4 (25_1)

B RFR 64(53) =~y A BIMIE, 64 (53 ) THHRLT it m I
HERHH I, (s2,) HIFL, J5 % 1 BULE B phORL T4 F 0 0 S b, 2505 0 30 07 B
024, = —4nJ, GRS BRZPHER

—kza“ =dwj, | a;= —%jn (25-2)
EREHES Maxwell F M EHENXR.

REZBXLEERSE 2 WP AR MMER TR N W HXER.
X AN KT EET o KHE—DHT, BT b BRI—ET (BFEE
25-1) MIPRIE. B F o NS 1 BBBIS 5, K —TFH A K, RILKI ¢ KT
J&, B 5 MBS 3 BIRIEA

Ame?
{K+(3,5)z’ ;Ii exp(—iK - r5) exp(iKts) K+ (5,1)

a

& 25-1

LT b AR 2 B3 A3 6, 7E L 6 Bl — T8 K Bkl ¢ MO6F, B
6 BB 4 MRIE N

P
[K+(4, 6)ey/ 4;—; exp(iK - r¢) exp(—iKtg) K (6,2)

b



- 108 - . LA EFHHEEEAR

te > ts, XN T BREM T T b RUHF o WIEF, HIREIE 2B
BRI TR BT o WUWCHEF b BEF, M BTRIRIE T r A IS, H te &
INT ts.

T RBAERF b M F o Z A AT 6T B PR IR, 26203t 55 A
F43, Xt AT BE 9 6 F AR Ak SR AL I X0 2 B3R BR K ¢ 0 66 BRAT. ZEXTAR ALK
M, g B 4, RAREFEXF p SRAL X AH 2 T35 PO AR AL T ) SR, X6t
EEmUMmRE TR

OtFMNHEF a— BT b K IE)
= 4gye? Z / exp|—iK - (r5 — 7g)] exp[iK (t5 — t6)]
m

[K4(3,5)vuK+(5, D]a[K+(4,6)7.K+(6,2)]s
3
. (%) [%] dtsdtg (tﬁ > t5)
= 4me? Z/exp[iK - (r5 — 76)] exp[—iK (t5 — t6)]

n

(K4 (3,5)7. K4 (5,1)]a[ K+ (4,6)7.K+(6,2)]s

3
s (%) [%] dtsdie (te < ts) (256-3)
5 E—FS R, BF
3
8y (ske) = 4Jt/exp[—iK -(rs — 76)] - exp I:iK(ts - ts)%%] (te > ts5)
dBK
= 4n/exp[iK~ (rs — r6)] - exp[—iK (t5 — tﬁ)]%(7ﬂ)—3 (te < ts)
M. A Fourier 27 ##
£} 21K N
exp(—iK]|t|) = /_oo [m} exp(—lwt)z—:;-
AT DR b B BB R s 23 0 FR Y E =X
—ik - (25 — z6)] d*k
L

K H 55 24 PEB 7 — A~ B 45 500 HE, shiE W T 58 2 PR 4 th 9 R0 55
b — PR ST B AR X e R B ) R A — B
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BB TS

BAE K MBSk T — o TR, PR R AT X i R RN
EFE 25-2 H.

Ps
Py
Y5 Py
4
q L &
7[‘ 7;1
7 P P
(=PPERy =P PR
R S
& 25-2

BN TAREBRHERZFHORE: FBF3X (254) %X (25-3) B X
d4q
_1622/[K+ (3,5) 7. K+ (5, 1)]a [K+(4 6)7. K (6, 2)]b 2m) dedTe

HREFA1EIEN p WFHEME, BTFE 3 ESEN ps BF bk, BFUMR
BE EHRRED, BN FTHESPHIRERSZER (G3yw), T NF
ES PR RER IR (Gayuuz). X 5 Fl 76 BB AT ETHAA LMK
SFlEER. ERN q WA EES HESRRL PR TEE T XHEERE
TRl LA Ky
(Gayuus)(U3yuu1)  (Gayuu1)(dsyuus)

(71 —p3)? (Pa —p1)?
k—BRkAE R FETRAE S, HESEX p (KM EFELRD, BPK
R

M = idne?

i D0 B EERTAG
BB = ov = GraMP G

(ZEE 199 KREFE), TLLHSE 23 P EXS# A B IERFEY, XK
AEMERM G, h R REMLUL RFEE SN RIS EBHEEBMXHEE
AR FE

RR —

Sp [(#4 + m)yu (P2 + m)7.]Sp [(73 + M)y (1 + M)V
(71 — 73)?]?
_Sp(#a + M) (P1 + m)yu - (F3 + m) v (P2 + m)y,]
(71 — P3)*(Pa — p1)?

RS+ RS —




- 110 - . LT EFHHEEER

5 4 b 87 FH AR 23 v BT 44 SR A X, (A5 BT m B dm (33, 7T
FIHE 131 HEHE M):

TR 2pe*df [4X?% +8X cosf + 2(1 — cos® @) + 4 cosd
E3 (1 - cosf)
+4X2 —8X cosf+2(1 —cos®0) —4cosf 41+ X)(X -3)
(14 cos8)? (1 —cos@)(1+ cosb)

2
®eh X = % AU BERR Y Moller B3 (B 25-3).

Erp

E,p E,p

A 25-3

7 8: (1) F_E 3RO e F o F — ol B,
(2) 5k p F 7=t il o T RO BRI, B TR s — % § Dirac 77, 3 H.

WA RCE B, o X R =2 A R, B A BT A .
(3) WA W F - FHRU &, IR ETFRAELSW, (BF X EBE T
Dirac H & (BFH 12 K I H (3))

(17— M- ed - () vum B ) ¥ = 09
PR T G B ] B
eA + :—JI";'Y;;'YV(V;;AV = VUA#)
5X¢FHHBER
ee + %(qz— vq) B ey, + %(m — Yug)

X AR KRFN fES M S S, BRI RATH BN S A O AN B
Bf Coulomb #HE/EM. X & Fermi A R AM H 1% (SFH 1 ). BAEUERA XY

1) X i F p = 1.7896.
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Fofr e A 5K 0 ) 45 SR 0 S5 A T8 B P I b BRI Coulomb AHEAE . 2425 8] J5 [
AR z,y,2, MR—DHEFTT Q CtFzhi), AN HMEHT Q H,
TR B

L 1o 1 ; T
dme? (“47t“2)—(u3’7tul) ~ (u4’YQu2)q_2 - (i3 7Qu1)

& Z (@ayer u2)—(umr u1)

A BEE

X yq & Q FH MM v MEFE, T v REBFENBEFEM v I, 4 = aan — Q1o
B TE— MR (MR BB IE)Y . BT vo T A %’% R R E

" i{
~ () 3 (1= 25 ) (@) — 3 (@erne ) e
1,3

idme?

~ Lot 8 a o
N (u4’)’tu2) @ (Us’Ytul) = Z(uﬂtr uz) q_z (ua’hr ul)
1;2

k&P = Q2 B iz (8 8 Coulomb 35, . S H WL 85 BE A 55 14 43 Bk B e £,

B il 2 5 — AR & Coulomb AH B AE A, 57 — 150 U 40 5 18 2o 488 3 f9 4H ELE .

1) B, ERNOEERBER T, B EEEF N
(Gaguz) = (ta(p2 — Pa)ug) = (Wapouz) — (GaPaus)

= m(tguz) — m(iguz) =0
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REGSEMMMBES TR

g 26 it

ERZ GBS, BRI EF#RE TR BT —%/h8 YEBIE
T 4b, 55 ¥ fA B A BE S BT T S A R X —FAY H B R B IS LA X KM,
FHhm L.

BF-BFHREEHR

I AR AR B AR FE A B B L A 1 26-1 BTn. EL KR, SR RE, it
2 198 IE H T

(@37, u1)(@ayuuz)
p
AF ¢=(Q,q),Q B NTHETFIIZHANE. XH q=p1 —p3 53

(a3quy) = (u3(p1 — p3)ur) =0

b2
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E—UFh B ot 5 % 2 e R B 0 S5 T

—(ﬂs%ul)(ﬂﬂtuz)] (3 (U3 ytr u1) (Gayer Up)
0? 2 P

i 13 X 2 — T AF Fourier 284, Bt Al A& i T2 4 BEAF Coulomb #: ) 3 it %
R0 U 2 X 7 # Coulomb A EAEFHMBIE. Hrh, v, RRES Q FH
HR A~ 7 1 b )y SRR

Xt F 18 H -, X Coulomb #1& 1E AT LLE 1k, I LA B 49 7 =X n LA 4 ¢
EE, EXMELT,

Q =p)—ps
M
2 2 200859
@u=E-BE~|m+ | _|my BB P

2 [”12—;’“‘] (p1 — p3) =~ v(p1 — p3)

Frld ¢f ~ v?Q%, I HIESH B W] LA —Q% AREF @2, X NP RAR/NRYIR 2. (78
B &, g = 0 R EY) TRAB IE AL i

> (i3 yer ur) (fhayee u2) / Q2
32

B2

('&3'Ytr 'u'l) = u;atr uy

EAE = (Z‘;), Hoft ug KSR, up BN, TEIAX B EMT [BHR
(11—6)]

1
up %(a ST )ug

o)

18 (BUH7EIE BEZS Z 8] M9 A F 7T

K

0 o Uy

* ¥ * * a ¥y

uzour U1 = (U3, Usp) = (u3,0U1p + UZO U1, )tr
.0 U1b

1N
= %[’UL?’GO’(U s 7!'1) = (0' ) 7l'3)0'ula]tr
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fFEHHZEET m=p, TR, LW EREFH 2 EE

Oz (azplz + oyp1y + Uzplz) + (Uzp3z + oyp3y + Uszz)az
= (p1 +p3)z +i[oz(p1 — P3)y — oy (P1 — P3).]

EXFENH o HERX KR, HILH 5 F i, Coulomb H48 IE f) # i 7T L
THHERAS #E—&:

Zi' . P1+P3_i0'><(P1—P3) &
@3] "M Vo 2m i ae

1,2

P4+ D2 .O‘X(Pz—P4)] }
X S any [ —i U
{ 1 2m 2m T

BAHTHSHk—HRARETEELT Q Wiz ) fr 5| i s i, 5 TR
AN FRGER R B B, SRR, B IETUARK A BT ZE R
W— L, B AR T, AR T AR T A AR . 3 7 2 S ) LA
FHRBOR A XM EIERM, HHRER T )20, Breit $UXf HAE o #
W, KX 2640 B AE W PR A Breit A B./EH.
BAE, % BB ER T B @R - ER5. HR Q = p1—ps = p2—ps,

B LA E &

Z(al X Q)i (02 X Q)x /Q?

1,2

HE EHHR o QER—FHE oxQFTE FLURMALUY KF &=
D7, T AR R, B ETE

(01 xQ)- (02 x Q)/Q”

Bl Fourier ZF #) K& FF), IEME Jiad WK, X R B EBR FHNEERF
A B AEH.

HE, L ERAER g ~ %Q INFEIEREAZ EERH, R — 1SR
REBRT, B4

gu=FE, —E;=2m#0

A, 2m R K, ARG ENRAD. Lisnf, EESFTIELE.

1) HER: FEARBSPHIN (01 x Q) - (02 x Qexp(—iQ -z) §

~(01 X V) - (02 X V) exp(—iQ - z)

HIR, Kb v BB R, J§—T R T B4, SOk i M B AL .
é BB ~, BT, AR — (01 x V) (2 X V) (l) SETE 2 AR A D ) A A
{22 Y .
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BRF-ERTFHEER

FEK, B FFMIE R F &AL 3R, BT Pauli JRBEARZ R A L #H
A, ®#MTHRE—1HE, BE 26-2.

{2 AR 5 [R5 A i 2 38 e, AT L A I 26-3. B3R B T FILIE HE T Y B
&, M EOEF, REX=ERHPBEF-IERFX. 4RE DIIANEF-IE
L% LA K Ot F I X AE 7E— B[R], DA 5 SE 5 IR 18 — BU 45 8.

1B F 20 i B2 sh i B, X &, B 26-3 5 26-2 12
BT EMLBRT “K” B8 ps,ps. Pauli FEKHE EXFEL T HR
EAEF; 3 P~ B B I AR e, R R AT ) 25 B ZE T 98—~ 2 ) SR T
(FERT % 19 & X bk i3).

P P4

Bl 26-2 Kl 26-3

RFEE

—ANHE TR — AN IE T R AR SR A S T N AE A — A S A ), X 2K
AEMAEFRTER BTERXNESESS, ETURES, Al UE=
A XBRT ARMHES, EWAEAR BN EHEHE N IRF, 's Rk
BEEAPAET, T3S FREEEE M =6F, EBEH 6T H T2 &6 2

% x 1070 s, BB N =N FHEFEME % x 1076 s.
A o P L R T A R B S o T 2 4 A B A O
&%ﬁ%@&wm%¥m¥wﬁﬁﬁ%xmwa

Bl 26-2 TTHKAY Coulomb K i FERRSE—E. AR -EKNEE
T (Breit #HE.E FH) STk AR — AR BY B 5E - B ieM B4R, B 'S &H3S
SRR (P B0 - WA AR A B e - WA R —H). B
XA T 1S B S BEEHLEMAH, TLHEAER 4.8 x 1074 eV.

FXEOELTHARRE L, BFERNSEARES, AzhEFEEEL S
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BERAER 26-3 FrRRMSRE. HRMIEA AT URATE S T4, kA XNE
IR /N, BRI T B F AR 3S BEZR AN 1S RBZR Z ] A9 55 — WG A 45 9 4 2. T LLGE
B, X—R5 AE- BESRER—T7 [, BE%FT 3.7x107* eV. Afilill
EERE WS RS

TRk B 26-3 B9, R EITR

—(Tayuur) (U3yuus)
q2
EXMERT, 2 ~dm? JRLREP Q?=0), FHEHAHEMTLRE 150
FERTFEEFR, AR TRA ERSILN), TRERUIEN K XBERE
BX Fourier 78 #& s, XF T H 52 %3 8] B9 48 B F & 15 2 — /N B8 7 Al IE B 7 A X 4
PRE) & BREL. XA, ARNFRHE B FAIER FH Y88 #HE/ER.
BWEFHAEHLEHIHNARE R, RRN

T
) 2 pe—
20: Ry3

A H Ry & Rydberg ¥, o BIE S 3. MRk KRR B ENE, BH
M F 2,044 x 10° JK .

SR, A 7 SR E IE M AR BGA. X ME IEK B Kl 264, B H i FEIEH
FHUAFHREERKE ACHET. HRCEEEAEN, B FEEPAEHN

G549 43 Ry ) : g
2 (0%
5(1 Ry {g—[?+2ln2j|;}

& 26-4

HAH R 2.0337 x 10° JEJA]. H 18 85 41 45 1 SC 5 (B 2 (2.035 +£0.003) x 10°
JE, TRALUEN A TRBSELR - RERF - MBET L ET/N o
B, ARV AMEERN. AR FEEMESIE FHPHL RN Lamb i B &
IE, X 2R R, FEREE T 281/, M 2Py BEZRIEI/NT AR IF, 2 Lamb Xt H
HAT T ERWE. —BRIEEHABRTAEATY, FEEEFEABITIEE.

1) Phys. Rev., 87, 848 (1952).
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BFzZiE, ERFZEHEF-EBFZHEBIELFIHR

BEHRBR, nTREA LR 26-5 Prifid i 2, H S8 =Pt T A
E—MHT RECERALEF BUHEH K REMRS LR B, H
BEE LRA RO U, XIS RALER. XM IENIRIES HREES
f, {8 Z 5 AR R M. 40, e 25 R AR, FFE0 1T f 4R R 72

Cige ////[K+(3, Ny K (7, 5)7#K+(5’ 1)][K+(4, 8)
%Ky (8, 8l (6, 2)]‘5+(33,6)5+(Sg,s)d’f‘sdrsd'r-:d'rs

& 26-5

EHBRRTER

kel 1 3 1 d*k,
~tonPet [ (s ) (3o * g
A
Po— Ko+ ki=ps W Kke=p2+ ki —pa
(WLIEl 26-6). X4, k1 F1 ko BAE—A 7T LABG E 55 b — A4, B EMIARMSL
P Py

A

& 26-6
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f9; BU AT LAAE Mol o B HE B9 AN 6 2Z (8] 43 Be sh . 1F B bk, 4R o ek X dh il B
Tk BB

% o7 i

B F i EREY

2645 26 P BIA T TR AR 41 271 BT, — i T LA S
WA — 6T TR T i 1 BB 2 046 T R A4 e SR
AR R, %L AAE — BT (RS R — A T) B, (616 T R

K@D = K@) -i¢ [[ K2 ki @)
X YK 4(3,1)04(s5 3)dradrs (27-1)

A& 271

ERFHBET, EREEFLEBNIBNLSRERES HXMN. F£HT
BT, VIESMARSSHRMAS. Hil, EHIREES, 2WIEXTMTHEF. XF
£ TC R — AR F 1 S R BAL T /] — A MER A IJC R, X T B (8] Jo 5% i T 4R,
76 2 7 PR e B SR E B T, SRH %o b 8 o B A ME — 5 w2 S0 AR HLAE A6, X A A
A B8 IE T 5808 1 A B ) ] B 7, 45 0%, e sR B2
exp(—iE,T) exp[—i(AE)T] (27-2)
B R ARBL (AE)T =2/, BT DL — AN H8 SR %] LURFF L 1-1(AE)T
+o, FRABERFHE, BAXPHE T REHK (27-1) ARG FER
B, XPNREXBARFER, FAWK PR H—EFARME.
1) R. P. Feynman, Phys. Rev., 76, 769 (1949); & W& 74 4 i 3 ob.
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0T A I R T, R B I T B2, T, F AR S
3 L 4 2 [ R 25 ) WA, T 5 25 2 B 0 4 XL 3. F I 5
R, G4 dry R 3 5 A 4 21 BT 25 (BRI, S S (27-1) o O BLS
5 %

[ T (4,381 () S Garad®aty (27-3)

MEBAKXPHRM K, 56, 15 34 fZEBERAX.
HW, K (27-2) & F B R85 B E A KA 4,

exp(—iEnt)

HABEE T EAH KB RBEAGERERF. £X (27-3) #, f(3),f4) EL
BET SE A KEF S, BrilEX (27-2) HAIEE £ EA.

B=, W OTET AR R R R, R (27-2) FTAB
H—4t R

1
/ YrpdV =1
E R AT A8 — 12 (V 26 R)
S i Sy :
/u udV = p— 1% (27-4)
F &, ELER, R (27-3) BB UH—1LB 2 (27-4).
ZERE
Capy — DS F @)K (4 8)748+ (51,9 (8)drad®zadts

2E-V

Xt ddxz WA V, 5908508 V M, X d:; RSB T, 5500 T
M, L, BEE

2EAE = +¢? / Uy K4 (4,3)7u04 (53 3)udry (27-5)

ERE, WA RIS AN, Fi, FAMAIER p ME, UK E? =
m? 4+ p?, Wi Al E AR 18 2 B 5 & A ik

2EAE =2mAm

LA e 3K, 28 3 3h & 25 (6]

4me? [ _ 1 dik 4
am= [ 6 (Wm%*) “en)i R i)
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1 _ wE—k+m)n
7”11——]6-—m7“_p2—2p-k+k2—m2
_ 2m+2k
k2 —-2p-k

A pu=mu 5 10 HRXERR, TRER 27-6) PREFEE. TERX
(27-6) A% A%,

Am (27-6")

_ Ame? [ u(2m+2k)u d'k 1

" 2mi / k2—2p-k (2m)% k2
AU R, XS R BT S A SR 20 4RRY L E R ER

REEEMAEARN FREERLFHEETRE £§c(k2) iR % oo

o(k?) BRI M, B R c(0) = 1 BLE % A2 — oo B, o(k?) — 0. 7EZS %

% W ERIT R

d*k

u(et) = fuled) = [ etem(-ik- o @r)

B R £, RN R A 6, A B AEN. M TR hAE
WK, B, 25— BBCHY Fourier J&FF 22 B SR04, T 48 B 0 4 J2
SR 7 AT AR o, 9RO A X 1) 9 R E T LUKELE o R 0 %
A KB A2, IR R R < N2, A (k) ~ 1 T (RSB % 1
Epe —Al—z B A B2 9. BRSX M a2, T S 0 — R AT MR e I 27-2 h, T
B oa? BUF i MR PRI 0 RAR R IRRE o? < 1, %

2

t2 —r? = a?, t—rz;—r (27-8)
f+
|
I
a?
1
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F R B A RBE. T AR £ (s?) MR A9 F L. JER A pR AR 6, (%), I
B2=2-r=0WARETFTE XMEUN, —MH#EES RAENRE ¢ 458
FIREEE R r — A, UBTF 2 —r2 =08kt =r (BIYEEER 1). XEX fi(s?)
AFRAL, K22 W& ¢ —r KRG, HREHKX 27-8), W FHAr>a
{H, 7] BE Z X AR 25, AR, R T A2, ZEAEAT SEPRBE B, & AN 32 5% ).

A2 > m? c(k?) B—AE AN (BE—BA) Rk

c(k?) = / G(N)AA(—A2)(k% — A%

LR 44 16 28 T %
W) =sprp
e B B 4 48 T 2
J | i
B - = e

BOTRFEAN N K TAR T, HRERWA, 4N ML
B 5.
ARG AT LA D5 (E i X ME T RA N

oL
-), woo i
mMﬁREQPM¢%£;M€
2m 42k d%k = X2
k;ri 2k k2 (k2 ! A2) @7r0)

N EE RN RS Z M, W0 EHESTF LK m &k, B m 5k,
(Iﬁ k= ks7o)-

HAEETHRINFZFRIWRIE

RNTEBOFZ LKL TR (27-10) MEK RS, CLERB|—FrEER
EA TR XSRS BAERR R B .
AN X RSB LA B AR Sy E R

2 . 4
/; (2:1:)‘1((11::2’6‘_,}-)(115]‘:_ L)3 = (322%iL)'(1;0) (27-11)

/ laz + (1 — )] 2z = ib (27-12)
0 a

1) R. P. Feynman, Phys. Rev., 76, 769 (1949); &< B E ¥ B W EEM F . H &, X&EF

0 0k FHFREM e [ 2]
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HTEBEEEL £ Q7-11) FRIEATIES k), BRRES
FLBER1RER k,, AR (1;0) 4 HE 1 5% 0. FIEHS =,
HEEDE bk, BT, BRRBURA RS, BB SR M45TF R 16, NAH
B3 AR, AR B R

/ f] [w? +ie — (L + K?)] 2dwd®K

W L+ K20, 7 w=x[(L+ K22 —ie] AW, HH w BEEBLDH
/°° [w? +ie — (L + K| dw = 2ni[-2(L + K?)~2/2]?

HEHEE PP X LEERKES

o 6
/ (W +ie — (L + K] dw = 20(L + K?)~5/2

F&, #F RS
// (L+ K% 5283 K = 4n /m(L + K?)SRKAGK
0

Ty
R

K3
T [W]
EERIER T3 (27-11). WRAER (27-11) PR BRER k- p, &R E

oo 5 4
/_m (2n)4(1$ ’f‘;)f. : CAP 322%i(p* + A)] 71 (15 p5) (27-13)

¥ (27-13) BN A BT p; TR, HEE

& Gosmih ol oE b g
/°° (s kos kaks)dlk PRt g
oo (2m)4(K2 —2p -k — A)% 96m2i(p? + A)?

HE—EWMEEERGH RIS, EXTHEEEZN AT, o8+ E
i (K*—2p-k - A) WERHK.
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&% 28 i

BRERR 9 A R Sh B
A &3, 7/ 8 BB M T 5 & ) sl 2
_A4ne® [a2m+2K)u [ -2 1 d
Am = 2mi / E2 — 2p - k (k2 I /\2) ﬁ (2Jt)4 (28—1)
B AT T R B Ar R R R
(i ks) dk
- ‘”’/ B T S
7] & B
% 4
A A (e = G207+ 8) () (28-3)
N E AR 43 3
o 2(1 — z)d=z
ab? ~ Jo laz+b(1-2z)P (28-4)
2 (28-2) AR R B S BERT R K
1 ded 21 — z)dz
(k2 —2p-k)(k2 —L)2 _/0 k2 —2zp -k — L(1 — 2)]3
FRX (28-2) AL
A dk(1; k)2(1 — z)dz
/ = // (2 —2zp -k — L(1 = 2)P(2n) HEr's)

A (28-3), i H op U8 p, L(1 — z) VB A, BUATHHEXT & B, 45 i

S A? : (1;2p,)2(1 — z)dz 2 _
e _/0- dL/(; [32n2i][z2p? + L(1 — z)] = "

Xt L B RVIER, 4hih
1
I = —2(32n%)~? / da(k; 5o (1~ 2)03 4 i et frda?}
0

BN >m? EaFPEEmie? BAEMN B Yo~ 10, (1-2)N2 K
H m222 K24, R0, 3 F A2 > m?, X BEia] B R W2/, PLBGR 2270 /0].
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R, 588 = RS EY
2

E A? il
I ~ —(32n%) 1{2[Inm+2];pa[lnm—§]} A% > m?

B A R [ (28-1)]

4n? o A2 o
Am = <%> (—32n“1) (u{Zm [2111W +2] +2p [Inm - 5]}11)

AR pu = mu, (iu) = 2m, EXEHH

Am €2 A tagd
(e2/2m) K&y 1073, LA, BIfE A & m BIF S5, RE SR HHwREA K
fY. T T A R 4 SR R A B SR T A, PR T BRI B AN RERRE. AT LA
LSRR SLKRFEATRRR:

B 0l BRI my, B, G5 T BIER, AR EBH BEAR my. EH
4 3 52,

—AER ma M\ e (A me I0E /e BAE
e?/hc B YEF R EEIR WEX A THHE Am KR

Y F H B, e?/hc BERTS Am TED A, 68 mae 894 IE#.
HHTFAA BN, e2/hc BERAATEE2ET Am I, 3 BX A me BERH
—AN/DNBIE. XA FET AR T H Lamb 188, K T 5 X AR, &
1K 2% 18 S0 5 S W T A B PR FHORE.

7 M 7 RO B 5T

A R, G 28-1 FiR. EEARE BEA AW BEHERT, K BA W
R
B A= (42:2—58) 5(qa) Xt Coulomb %
SEREIG : M = —ie(ti2Au)

SFEXER: po=p1+ 7

1) /01 In[fz7%(1 — z)]dz = 1 /(;1 zlnjz=%(1 — z)]dz = —%



g 28 i 125 -

b1

A 28-1
— B B 1 7= A G PR L 28-2. SR L A 7 SROR A 72 B IR . 4 Gn, %o T

I_4n62/ﬁ Do oo ite
%] Mg —k—m p1—k-m ") K2(2n)s

b3 Py Py
Ty,
a Pek/ Ok
# i -
k| W
” 7
il i

B 282

A F 53 B v B R R O 4R M R, KR

S 4e? / (@oyulp2 — k& + mlA[p1 — k + m]y,uq)
> (k2 — 2p; - k) (k% — 2p; - k)

2 4

X (k2 _A ,\2) k2?2:)4 (28-8)
ANEhE (k) F, ERBEEH (XANGERKRR DI, BHERFED
Y HE AR RE, AR LS FORITR). B A, Ak T k2 F (k2 — N2,,) RAUE, H
H Apin < m2, LEER U8 XM F7E k = Ao BHE V)W FR 4, Ho ) 38 47
FEEBI5E 29 PEAISE 30 UF AE TR & Blor, TR T IE S

. 1 1
F/A (k* - L)"*dL = o SR
_ AR R N G A 1

T ®FE-R)E-N) SR - 2o,
BE—ERER A2 >m? > X2, XU 4T mEE RS

L /*2 5 / (1; ko; koky)(2m)~4dk
A (k? — 2p1 - k)(k? — 2py - k) (K2 — L)?

2
min
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3R X S B y, fil A 4E S K

(ab)~ = /0 dy/lay + b(1 — )]?

T2
1 ¥ /1 dy
(k2 —2py - k)(k® —2p2 - k) Jo (K* —2py-k)?
KHF py, = yp1 + (1 — y)pe. & k, L,y MK T 58 AR 47, B K (28-6) e X
RIS, EANE w5 uy ZEMERK

e? m 260 4 9
S o = =n s A
M, a9 [2 (ln e 1) (1 = 29> 0 tan @ tan /0 atan ada

2 3 260

9 m

A
iﬁ‘:Pr—lnEqLZ—Zln/\min

7E55 30 YFARIE B I1 0 101 (& 28-2) Bimik

,4m?sin? 6 = ¢2.

2r

ERES M, PEELITAET. 24 g /M, 0 ~ /q2/2m T My + My + M3 B 5i
UEH

62
M; + M3 = — (—) rA

e [ 44> m 3
| (A - e ¥ e 28-1
M s 2m(qA Ag) + 3m2A (ln L 8)} (28-10)

AE (g4 —Aq) B R

(A — Aq) = Vv (quAs — Augy)
(HEELIRRR T, g RBERERF, FrAtXmT 5N
’Y“’)‘u(vau T V,,A“) = +'7u'YuFuv

ZER (7-1)). F% 12 YR TR LUIEFE H: — DRI B A 8 R E IR
n BIFEF &, MIEOR i BR7E Dirac TRFHE A = 9,4, BEES pyum Fu.
H et X2 (28-10) B95— T, BT LLAATAT LA B 16 B X # B IER
EREEHRTHENBIE TR

il 9y O ﬁ)
He=om ( 2m
TR, XNER ALK (28-9), (28-10)) 5UIBHE A ok, EWBLAE A o] LLERL
A TR AD.
1) R. P. Feynman, Phys. Rev., 76, 769 (1949); 7=+ B ¥ & Wit 4 7 B} 5% .
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£ 29 i

ZE B, MR T S HABUN A, EERBULRE A B, B T (& 28-2 H) BI%K
E\“AZ%HM%EIT‘?

e? m 26
2— [2 (ln )\mm = 1) (1 — _29) +0ta.n6
+tan20/ i

BT A BRI, 76 7% SR B AE 1E A9 [ A, P ID A0 P IO (P 28-2) A9 280
BA—1BED
e2

ERFSITERER PRE TN, FE—T, LGRS EUKLEE I
I1, 11 (& 28-2) fr7n i B4R A — 25 i, B o B2 8 7 9 B0 0 A4 35 S 30
JoR £ 7 A 2 EE R A

R iZ7E Dirac 77 12

— rA

(q’ T q)sm20

(i¥ — mg)y = eAy
H, H m— Am REHB R E ma, P m LK E; N
(i¥ —m)y = e(4 + Am)yp

RBBIE Am [UE—18, e BRR T, BB 6 mB. HIL,

A REIEA UE H, RO MR- 1T A TR YE, B AEER. BN

YE R AT LA B 20RO T 291, RAT S BRI, = il TR SUE Am B9 30R
HREMNE LI, I (8 28-2) B RIS R PEEE. X TE I, iR

oA 1 4me? 1 1 d*k 3 X<
. y1—m i ’Yuﬁl — k- m’Y“ k2 — Amin (23’17)4 k2 — \2

it F & I (F 29-1), &

—UgA

(Am)uy

PL—m
B2 XT B I1 (B 28-2), R P 7ESE 5 B 8 B Amuy, FTLL, BRE TS
B IV RSFAETE, 26U S5 RS T B T M TID. AR i axX 48 4, JR 2
FREBHERF p—m, XWAIRIEAZICR K. B, BEA7T6 22 2R E 8.
i ELHA M s, 2R EZEHANE.
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/ -Am
A

-Am

I’ T

A 29-1

B b, SOHERE R SE X — Rk 9 7 ik e A I AT IOD DL & P I A
I #EERUEFERBENLSEARN, EMH R SR Eh L BF4ERRE
HHA. — TR FHHEERAEE —RIAE, HE R0 R, X
5t & A 7E K 982 A PR A% Bsf [ (] B P, #E AR AT 8 AN X B A9 B 2Z 18], R B AR
HAMERBERS T, AVES - XHENBHZAEINGRETLE —HF
B, X—BM AT TFTARTRHE: REEESBRBHLRTFHH—-NMELE, %
BESTXHHAZRARERBZ —HEHEBE (MRS TEKEK). EX 5,
R RO . X — B IEARRE 1L, 1T LA K IT, IO 233K
Vi .

tFATELHHMETF, pP? AREEESET m?, R

p> =m?(1+e¢)?
2P, AR T A HE R R

mezf

T RESZ B E R B TR, T e BN/ 2 p=(1+€)po, X #o
EHHE TR

oo M b ETER o MR b (AT PR ELS) HURSIsh BERS, AN
a BIPIA B E b WASHBA LMK O IREERSZ (M e Br)

1 . p+tm  Bp+m)a
b;f g ol bp"’ -m2°  2m2
MAETE B E A &8 EMBELR, BN

i4n62/,b : : a b
y—m7“;f—]c—m7”p—m k2 — A2

_/\2 d : min
% (k2—/\2) _bzf—mAmp—mﬂ
ERB XN ER SRR AR EA R, BT IRNBIER (SFE 29-
2).
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d a
(a) BAERIE (b) A B 1E R F)i & & E Rk

A 29-2

S8 EHXFANAN S HESF @R SHER) AM B, FTHKBITFR
Y

1 1 L | i [ Lo 1 |
U Sl VAR o A 1o b A
A BRI B R, aTUE H
B, 1 LYY BT N
;!—}c—m_yo+epo—k—m~ﬁg—k—m pfo—k—mepopo—k—m
T2 A 21 04 5B B AR B
p+m p+m d*k
o /'52 % "“ 7o Jc m ' ome VK2 = .
;H-m 1 i
,\2 e’ /}’2 2e g E-m o k+m

d*k p+m -2 7+ 7+
RT3 AL B a3 (k2 - /\2) 3 2m2TAm 2m;:
LR e Bir, XA —T S5 &5 — T %, B a] LUAEM, i858 1 (F 28-2)
B, EREELRM T EXBE I P Sy, HREXE po RET 4,51 M
7, HTEXFERT,
g=p2—p1=0
HBHER
F+m _ g4+m
2n om2e 70 om?

EAE € Brat, 20 FH 8 g ATH po UK. BEE, B pou = mu,

y4

(Po + m)po(p +m) = 2m*(p + m)

BRI T AT 21 R 45 2R AT 5 R
y+m
2m?2e

EH R T B BT | — (;)r R 5 4 i, 2 P — ( )m At

——b
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BE G A a5 2] fy I, IOL, 17 A T 45 3 f9 46 1E 700

N SRR, NIA7E B AR RS B 1E AR B 8 E A 24 08k 1 o B PR
FEMEXE, FEARRE TR XN L8 ME ER_—-AEEMETSE
F 122 R A Y PR A R (] 8, )G, kAN ER S B —A
HHEFEREE -YYETH BB T, iSH WRE. 5 5IEL, %
MFXEMREBE, XS5 RAHB TN SEREE. £H “HibHE i+
Wk BERBIE B AR B S ROIRER, FEHE h B TRk E
SHMBIR KT Z 2. MR 70X R A BT, 1E 5 A9 85 5 S 4K #5 E R
KT, B A 1) S B R S A ) R A R Y.

/5, (B EAMRRBIES R SBEEH R

e? m 20 4
5 [2 (ln o 1) (1 — —tan20> + Otanf + tan 20
6 2 20

e
x/o atanada}A+&t—m(qA—Aq’)m

fh “LLHpRIE” BYIE BR

H KA R th BB IE TR H, B e B, — A R 5O T i L 7 i 180 R
y

o =0y {1 - % [2 (ln )‘:Lin - 1) (1 - %) + (5 Mmin %9‘&%@7)]}
Boo BRAH A BMEE. X A\nin — 0 B, X — 8000842 2 L8, /i
BRI R “LT 40 K HE.

R, X—F R KRB FTRYHEEL: B - ITHFIHAZHETFEAS
ATREMY. MBS Fut, h FRA LIS & p, B3R p, iz 3h, BRGSO
MR, X TR AR, 06 PEBERE RS

ELIEH, EPRESHER S, AN - EREFHE TR

L el (wpl ‘e wpy- 6)2 dw
0= 0g— - —
p1-q P2 q w
] UE B bR R X A T ) AR A 3 X AR Ak SR AN i 45 SR R

1 2¢2 1 20 d_w
s T tan20| w

st sin?0— P20 s b0 Rk = K, 2R T AR

4m?

2¢? i 520 /Kmd_w_ag 120\, Em
L 11 tan26 / J, G b1 1 tan 260 Ao
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1 A% Bk R

PRI, 8 S TR 1 BRI 5 52 B b 2l TR IE B B 48 1] 51 ;. R & Y
e T U B BE R A 2 R? AMTARRLZGX A M), B GX R A A& ST e KT
K B6F B BOERA 2 K7 B b SO R 5 — SRR F.

by b, BIE G — AR R B SR, AR ST U AR, kA —
MERET K, BOEF TS ABR, UEEHRIHEZNERET Kn
B T T B AR (fH R X SE T e B B 3E 5 o, PRI AT g 5.

FL L, XuHE-NEHRELRK, I HEH Anin 98758 R A R.
AT, BATR A A KB SR LRI S Rt BE

AESHHER KT K, 8% 1S 8%

e? m 20
Bl i {1 T m [2 (ln X o 1) (1 r tan20)

+05 s KW} 40025 (1 20)

K,
5y m + (e* BrI)

tan 26

2 20
- [(1 St %) (1 . tanzo)] + (5 Auim TERMT et BHI)

BRI E H, EAHES Ain A XK, NIRRT “4L7KHE”. Bloch *ﬂ Nordsieck &
25U B [m) B ) SEARGE A T 2 BBk

HBEZ, AR R BRI Z K, DIBOT LA 2 8 3 2415 1
1B T H BN ) 2 o 0h T RO R T A R R B IE T, B

() (- )
7 tan 20 K
HATUEmAR/N. 24, B LR O HEH 3 2 LUESE K8 EW M FE, HiE
VAR 0 3 2 LIE SE 8N B B U0 ST sk, B, BAT8A 1 B 7o sh S iRt
S A 5

[ A 3k 6 2% FBGE FH T9 Ke B e B O R AR AT O AR A R 5 2K ) R Y B
HigRRE, ol Anin ZHHE, R, REFTRBARXHEROME G, FEEY
B IEM AT LA R BB E Anin KR BIIE.

3 A 4 X Klein-Nishina 22 X B ST IE (€2 BY) Fr i 2 9 B A AL 4.
Rl g2, SR J/5 5 L. Brown # R. P. Feynman? #945 54 L.

1) F. Bloch il A. Nordsieck, Phys. Rev., 52, 54 (1937).
2) Phys. Rev., 85, 231 (1952).
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£ 30 i

MRAINE RS —RE

REFIA =D AR R, AV E B A 5506 T FTM. XHE, &M LART
MERPBEFTANRDTEME K> ) B FRER. IATHSRE

e2 m 20
A {1+ﬁ [2 (ln JEAR —1) (1— m)] + Otan@

4 0
+tan 29/0 ytanydy} (30-1)
B A TR
e2 Ko
2w J, Yu(P2 — &+ m)(k* — 2pz - ky) ™!
dk
-A(p — k+m)(K* —2p1 - k1) 7! T =22 (30-2)
BRAITBE ko < p1,p2, FFEEER ) &k FRTEE A k2. HIA gy, = 2p— ¥,
BRI A 2 i |
_ €A [P P d k
- [ [ 2 - 2] S = (30-3)
FE
62 20 2k0
> { [1 A tan20] [2 (ln | 1)]
40 B Y
+ta.n 20 Iigé /0 tanydy ) 1] }A e
XHEENR (3(H) HF s 2 B L
i A sin? 6 = 4 ——, Xt F/h g, K (304) ZEH
_ e (2¢ 2k B
= o (m) [1“ T a} "
M/ g B3R (30-1) B = B, il
m 3 2k0 5
A{1+ <3m2> [ g —g—ln G +E]} (30-5)

s — 1%%( ag+ )
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Xt R F o B F B R M

BT, KBV = S wRER
do(R) exp(~iFt) = do(a,)
PG GE T 5 — A SR, P T ) 0 P4 R 5
8B =& [ doen, ta) kY 2, Db (53 )do(ar, 1)
xd*z,d3zodts — Am / bz, t)p(x, t)dx (30-6)

E— TR ERE 30-1. B _AHA R LT B dbLF 80, 4£4% T
KY ¥ K5 E 24715 8E S W T B X AN B4, B AT, o7 SR AR w9 R AT R
jap-X

Kv 2 ]. Zexp lEo(tz ——tl)]qbn(a:g)(ﬁn(:vl) to > 11 H‘j‘

L %Mﬂﬁiﬁﬁ’lﬁﬁ?&%%ﬂ ty <ty B

Bl 30-1

ST T A RIT R

3
2 4n/exp[—ik(t2 )+ i (el ml)]% « @) (s b
6+(51,2) = d3k
4n/exp[ik(t2 — tl) +ik - (wz = wl)]ﬁ X (27{)_3 tyg < t1

IR ax ek ik =, 2 (30-6) B K

d3k

AE = Z/[a“exp( ik - R)|on(En + K — Eg) ™! x [a, exp(ik - R)]'n.04 .

—Z/[a“exp —ik - R)|on(|En| +w + Eo)™?
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d3k
X (e, exp(ik - R)]nom — (Am Ti) (30-7)

XMERESTH o 8 ¢, Hoy= l,0123 = a.

MAFEFHEFEHEH —HRERRE: HHEFF B Coulomb H—IK
XN —REBH BB XEEHEEREF5IE Ry/h) BERZOHEE. H
HHESEAGEAHOERRE T(= h/Ry). REBERAXFHEN TR k mKXF
Rydberg % &. WRA] B & 5 th M6 F7EH F 5 ¥ 2 8] & A B A B4/ H LA
ISP MR AL, T AE & 5 A R i 2 R AR A BT R & AR IR B 2 U (LR
30-2). T, Xt #HMBIERE /D ¢ B AN (30-5) iHEME (n bR ErEEE
IE). B BRZPIEN

e? [ 4q¢® m 11
7 (—3mz> (ln2_lco " 'zz) ¥

ko>>Rydbergii % AR e

A 30-2

U i
PV = (¢ -Q)V — (5;2- —v2) v

K AR B % 25 (6], B IE N

62<m1_1

A 3T Pk 2 =/
o n2k0+24)VV (30-7")

B A Xt Coulomb #, V2V = 4nZe*5(R), X R A s F ¢(R) A7 R =0 b
AETE, UL MEEXNT s SREE.

FIAARERX m > ko > Ry RIRE ko R, — NEEMRMEE k = 137Ry.
XX BER ko, INE B k < ko BIEF HRONL. $83X BN 40 1 =7 43 3 & 1E
HRMBRLEEE BSEBD, L=EABNPAERNESEV X, FENE A H
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HF Am BIES KR YBTIRERE. X8 RA —FER, BA0TE IR H N
FEFARBOLH kAR, BT A (30-7) B AE AR R L.
(1) BB MTTIR: AIXT m T H WK K, 13

(|En| + k + Eo) ~ 2m

o WA STAE R /D, BT B & o BERKT. T2 A EERME,
Y ICRRCHEDS -

2
SR FNFELEF] +n, BN b — AN AT DL 2 W Y 2—2 W O T, SRE, IR 2K

2
~ Z /[(aOn) ) (a"O)/2m]k2§k—k = (a- a)ook2% = %

FAE

BE5 VLR, FHik# Am T 2RI 2.
(2) M ERER (o — a - k/k): YERS%, £ AT LAIE B
a-kexp(ik- R) = Hexp(ik - R) — exp(ik - R)H
TR,
(e k/k) exp(ik - R)luo = (B — Eo)/klexp(ik - Rl
B TN IE BB AN R FUF BTk N

(B, — Ep)? ) ; 4%k
/ [1 Sl exp(ik - R)on exp(—ik - R)no X (En + k — Ep) i

; 4 d3k

= /(En — Eo + k) exp(ik - R)on exp(—ik - R)ngm
4 . : a3k
= /[H exp(ik - R) — exp(ik - R)H]on X [exp(—ik - R)]now

B H=p?2m (V 5B 5), X2 K
3
/[(P+k)2/2m—p2/2m+k]dk—3k

X—I5 V Ik Fmias Am & IEWAHHE.
(3) M IEREAS: R ko B JRF RUBE K, Fir A AT DAF AR LY . 3K (30-7)
H R A5 P R — B AR i

/ (attr )on (@tr Jno(En + k — Eo) ™! dBTk (30-8)

1) 2% H. Bethe, Phys. Rev., 72, 339 (1947).
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Hrp
1 1 E, - Eg

Entk—Fo k (BEn+k- Eo)k
m1/k MT/ERE V BTl LN a & BHmS Am B IEHMHE.
e, A& A R FEEH AKX FEEHRIBELT):

2

(atr)On(atr)nO =2 g(a)ﬂn N (a)nO s W(p)(}n : (p)nO

A, R (30-8) FRIFR R

o (P)on - @)no(En ~ Eo) x In{(ko + By ~ Eo)/(En ~ o))

MK RRA
pnO(En = EO) = (pH = Hp)nO = (VV)nO

UK Ko > E, — Eo K3, 19 B8 E RS R A b A —# 2

(1nko) 3" Pon  (VV)no = 510 ko)(V2V oo
TR (30-7) 0 Inko H, B FRUR HORTE R
(3m2)2pno Pon(En = o) {In | 5o s | + 7 | + RHREBE

EREHXTMKXBOBUEL R, I 5WEE K Lamb 5 3 L

® 31 i

HABTE E=SHRUE

AP A —D—B () dRMRF R EAREEEBIBF,
REFE—-MBF-IERT, BBEER, HE—-EF A TFORFEHN. BI
(H 31-1) A FXASRE; B &M —MEU AR, HuE i A BUk.
X 2 R A 4R 0 R

2 ot o 1 dp N
idme z (Tgyuu1) 2/(uﬁ—m7“y+q’—mAu) X n) (31-1)

u MEES

A v REFEERBHIERI S B TS REF 56T 8BS K RIE
1/¢* RIETFAEHT; B A FES R ENAFRH AR R ORIE. XREX
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P=prtd

o) el P=p—4

& 31-1

EXF p B4, XA R O B TR AT AT B B B IE L A R IR, SR A DU A B
Bouh BAERAREI (K 31-1) MR mMBMAERAERE I (B 31-1) &
. RAARTERLER, B a] 580 AR, 53

: i 1 1 1 d*

14“62("”““1)?2/ e [ﬂ—m""pw—m ] (2;)04
XAERLIE THEO RSB IT (B 0 an i@ & — 6, Xt 22 R A F A
R, WA LE S I E E). XA R R R, B R A O T sl
FIEX BEORERAE A, 332 B o B4y 2 it o ) 9 IE B F 3 B AT Y. B — A
HREBARSG S A A, XMEAXTBRSFBE—TH M REm K
KM B M mRKF m, BB T —Fx p BBV X BT, 18

EE L PR
g [y M ) . (N |

=gl (—n:) - (1 - taw) x (4m? + 2q2)@ . 5} (31-3)

AP ¢2 = am?sin? 0, X F/» ¢, LR R

- €
(@27uua) Ap—
i) ol M\? 24
(Gaypu)du— |3l (—) + 3¢ (31-4)

(31-2)

1) 2% R. P. Feynman, Phys. Rev., 76, 769 (1949); 7= 5 B Wk 4 Jy M} 5.
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EE (Goyuw)Au = (Gedur), BT LA R % BE I/ KBS, S8R

A{1+§ -%m (%ﬂ} (31-5)

A 1k B EBABHBIEREIL, T e TR B B A B ik #9386 4 12 19 18
IE. XFE, XAME IE 7T LA B A S B A — A /N R, TH, 55 28
R Y T RAE IEAR KL, AN AT A KR AT eg MBERIBHAT eq, KR
A

ey = ey + Ae (31-6)

He, Ae= —;—;ln(M/m)2. XN B EIEA”. 55— (2/15)(e?/n)q?A E
ARERE, ERAMIM 2¢2/15n(V2V). XMMEIE™4 27 KA K Lamb A28, DL &
R (30-7") HH (In[m/2(En — Eo)] + 11/24) # (In[m/2(E,, — Eo)] + 11/24—1/5)
RFE. K 1/5 Tk E T “BEERMAL.

23 Sk B B 5T

—ANATRE AL B A R A S — AR AT A B R A 31-2 Frw. BT
AP 5 58— T B R TR R ALAE T R B 0 1. X Rb Oy 1 B BB A SR A TR R
FHRREE T TREENMSENBEEMEES. BRE =X HAHEE, Bl
B Ak R A R RS — A M IR I L 575 PR A T YR R A, T LA AR R
F ROk, EMTEE T AR (BIEET) MG 0 A B R 4 IR
HWRE.

k‘2 kz

K
(q) - (q) K1

& 31-2

34 AE I 31-2 FAE b A B B, FFEBEATR/ESE, FF 54

SR A A& A= P 31-3 Biram Y R B i 7. b i ) 4R W 2

-—(411:62)/81) le1(p—m) tea(p — g2 —m)!

d*k
e3(F— g2 — g3 —m) 'ealp+ a1 — m)_l]w
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4 \ a3

~d— 4.

b P13 %

P, P
A P [2)
~fh ~h
A
4
N 4 3

A 31-3

PN b FAZEABL A H B O U T ™ AR AL XS AR R X R B (EL Y
EIRPTA NI, FERBA A RO, S5 A% 6 P P AR s R WS .



y; NN
Pauli JHIEF1 Dirac F 1%

FES 24 PFh, A THE—AHME W T, EERFHEEHBR X
AT LALERS[R] ¢y F0 ¢y 206 7= A R O e — DB L X (AT BB ). 7 A R
B—XEfREFHRRIE B - AETEROR) £

A / Sp (K4 (1, 2)A(2) K+ (2, 1) A(1)]drydr

7 He FIEE 8 A X IE £ H &~XT7§@? L8 Eﬁﬁﬁﬁﬁﬁ dn, Ml drp 1

st ALK, liimleﬁﬁﬂy - —xn‘m‘é&iﬁlﬁa%y = TREMESRRF
o H 2 RN
2 I3
oy = 1l b o5 3!+--~=e—L (31-7)
A 1 BB ES AR A AL 34 BRI, £5 B) Pauli J7 238 5 F 834 vl LA
UEH, ZF %00 IE s FRIRIBIUGR S, BiR t <t BAE WA 31-4 s, HE

A LA WP 7 2 52 Bt R (LR 31-5). 25 ko 2R AT DA AR O 3 i 38 e

R

A 31-4

ANEFARE]. B, #%8 Pauli B, 06750 A SE — 4R 08 A 0825 28 — R IR,
B85 AN — P o AR, 15— R P P A AR, (R, T DAHE W, S0 25k 2 A 5 P
(. LS R4 b S R R

Py_y = |ey|* = exp(=2 x L K EF)

A LGIER] L B SEERRIEM. BT L, IRIERE, 8 T MR AR T 1, R



. Pauli REH Dirac H & - 141 -

31-5

USRS
H i, RATA T HRISIER G R IR AL ER e L. H— ¥ KL
IR, IEM R Ky UK Dirac R — K. H ¥ & Pauli JRBL FiLA,
e A116 %, B3k o F- B A Permi-Dirac 25 75 WA 7T 8 403 A7 57 i 9 6 ¢ 14 94
4% B Dirac 7782, K, 7E AN Dirac 77 7% FI A 4 28 J 3 2 6] 77 76 3 A 1Bk
. Pauli B % 7 A 5 S5 2 A 6 B2 P A T SEORK 00 B0 9E B, 33K EEL A9 945 IE 36 9 2
TR A .
ARH 25 B A Dirac 77 78 22 18] i) 16 28 J2 0 o b A o, DA R AT M 8 v
£ H R AL A A B 55 — PR ORTIE. BRATTREIE A, T A MR B I
£, BB FL TR 55 A ST 1, 251 HL T R B R LR B A FL T D R A
R (B I 22 2 AT AR LA R AN L R 98 B BRI, SRR ATIAE T3 BE
B, WA
BRI ES R = Py
HEB—-MERBFHIBEE =P ) |Kyl
i =pa)
HEFZXMERBTRER =Py D Kzl K gl
B & Xt

XEE R R A AR ] R F MR, EORE 1 TE,
1= Py[l+ (1 S HBER) + (2 X HBER) + -] (31-8)

— A BT a BE b, H AU KA M ERRE PylK,(b,a)% X HETFM a
BE b I 774 — 5 IE S FROBERR Py K (b, a)P|K(1 $)% X AHFM o
BUE] b 3 7= A B R Py Ky (b, @) 2| K (2 X2, BBE, — T M o H1F]
b I 7= A AL BN IE S FROMER R (BB (31-8)]

Py|K(b,a)[1+ K1 X)) + K2 X)) + -] = |K4(b,0)*  (31-9)
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AR XA F—EEEA M, Brid
[ 1K baPab=1

SR Dirac (68 FEA
/ | K4 (b,a)|?db> 1 (31-10)

MR, BR _ERBHTER. A BREEF RN Fermi-Dirac 4t i A&
BAMX, 7T LUHER ERFE, EXSHERT, FAEFAIERE 7RIS
FAREAREM, I H,

BT M a BB b =4 —XF R
< |K4(b,a)?|K(1 %) [? (31-11)

B R RATAS foifF 1E 7 B X B L 5 88 b B9 L4 FAE R AR .

%t F Klein—-Gordon & # {4 #& F, B iEH (31-10) AERXB A5 B it
KH. Hik—% B e BT o] BEBEA IR M Fermi-Dirac 4t i1+ XA &2 2l 37 67
F. 75U oR BORKT PR (FB 77 Sz ik R U & AH Bil, Einstein-Bose 4t i1), WA % X
(31-11) WAF S E g 3k, EX KRG, —MRFER—F (e 6 &)
A EN SRR — 847 —BFH AT et F I, Klein-Gordon J7 F2 E 3R
Bose 4 it.

AR, AT LA X S8 UE R 5 S E R, LAUEW

/ K, (b, a)|2db

5 1 Z 2207 DLsE B o AN A 2 o A B DB SRR SEAS B R R LA R
BT B RE.



A. M F

Al BEBEARPHHEERTF

£ 11 B35 BRI SRR B AL o, AL BUE N 7, 2408 15 2 b 1t
HA bl 68, BT LA, 76 oA 18 4 00 S22 .

H—TRERN B SR RS EE (e REZLN) f— DRSNS
PPERE LR

BRIEMEHR /s = 2aN Y M|°p(E) h=c=1

RH p(E) & E b fE & X 8] K A% B, |9M? &% m) B 6 BRI HE %
EVRSZEPERETHFES. N 2A—fbEH MFRESE IR EHBE
H—X1. SEHBEFESEREETF N, R 8- 0B FHE 1K
SHESHMITM—1EF N N; K8 T35 o #9586 B o BT BB F (3
AFWFERRF) BEBHE 1k RERAMN (EHFATEE M B8
M) BY N; = 26, K o RBETHREER. XM T EFLED &2 H S
HFFPEBENEMRYE (e2 = -1). MEFHMTHT (au) = 2m (BT, W
Wi, &H— N F IS p1 BIRE po, WX 9N BIFTAE 1K B e 52
Sp [(p2 + m)M(p1 + m)M)). H— &R (avu) =1 FEBEFH N, =1. 4
O 2 o 1 B I BRI A9 R DA K R T E R BE R TR IR . (R ik, 3

1) M # K Phys. Rev., 84, 123 (1951) H1 (945 1 &
2) 76 1 FI I A T4 N 9 0 24 58 Xt 30 & 25 18l B4y,

d*k = dk4dk; dkadks(2m) 2.

He )2 55| EIBHL, EHZLHL, SMFHAE. AT h e REEHE
M HY dksdksdkadks.

3) —fiHh, N; BR TFHE X EEN % B3 N, = (avw), M FRES N, =
i[«»*g—‘f—%—"’t'},tu%imaﬁmw 1, M N; = 265,
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1% XF B kL 4 B R A, R DL R [R]85 X — R R 16 O 48 X Se B E
F. KRB ERERBE I ER.)

B BEEHEEBER FHERE. B FEETR w—m)™ !, BXTF
HFRE k2 RN EEBE v Y. — TR KRER e, WENTTEREF e.
— B GRLLHE FHLAT e) Au(z) TTERBIE g LLEIRIE a(q), HH

au(q) = / A,(1) expliq - z1)d%z:

(EE: EX AL, BITH o« WEXS THAARR, ALK o BiXBH (2n) 2
5.) Xt f P P B 46 4 B2 SR G, #R T Pauli J7 3, AR T 3 # 42 [F] oL F (4 SRR, LA
B AHIRL T A B A B B T AR RS, M REMSBER p, HER

(2'":) —4d4p ~ (2'":) _4dpt dp. dpy dp.

XA BERS. R XAXSURARY.)
RIGHERUTARHAFHEHR m M EHMOBME 1) 4 FERFAETFHE
—KMBEE — (4n)2e B F. TRARRX S 0BT TR 4ne?. (&

K BB 62 DR % i (47)!/%€ 1 J& Heaviside 34t T — A F
HA.) (2) B TFEZ A (—i) BT

S F A FHIL, 7 1510 B E 2408 5 1 o0 B 928 4k, 95— 45 R 69 B
FR 1) HEINTF - BTFBETRE—A (4n)!/2g, (2) ME—A BN 1 8
BAFH BT i, WX IR RS TR +i.

fh T BT A FUBER o (4 X 7, KSR RS T, S TS B
iz b A 2 3 ] 9 S BRAR RS, 7B 0 X A KB ol TS B T4 § BT, XK
PEOE T T —i BT T2, 7688 R B 1R b, Xt T Bt 9 o ik
SRR E R 0 MR, B LR 2 25 48R T B9 I — 1L 3 N,

YEE T 5 M.Peshkin il L.Brown B8 % 3k 35 BE ¥%.

1) 5T 5T 2) AR



A2 EBFEIE - 145 -

A2 IEEBFIEigY

P2 B B AR SOOR 28 oCEL i, T A 3 o FE BT % B Dirac 7 R %, AT
TR BT P IER FREF N R (28 ElZE fHEEER). &8 Fik
PREAY T R, T RLE X AN R B SRR, IF B, X AR T R — R
B R A R B, 3R B s s BT AT BB R R (52) B X B TR B RN 3 AR, I
A1 35 45 T 2 [ 1E 1 14 AE X A5 5

X AME R, “REEA” LT R, e RiER 2 it e (E
n Stiickelberg T i fARAE) AN Hh & 335 4 B (R) AL 46 A . AESE 50 b, XHER)
BA T SR TR IE R . — N I0E iR FE b s sh kL F (R
F) B BT LA B () A (— A IO, T DA 3 e ) s (W),
Atz sh s (IE B F), BE AT LA B i (IF B F 80, 0 mT LA A s (O6 7= A2).
XX B — AR, AR SCGEE F R EER TR T — R B 88U R
HM —H1 74 B — R A& 1 BRI 08 E 2 A B

L& VR 2 X PR T 1) 3 2 B ik i 2 1 R BROE R I ) SR AR A AH A R
PSR 4 5 T A A ) 3 AR ) iR O P B X BR AL, X s R A 2 SIANE TACHR
THRF. BX RAERNAHERE AATRRANE @R EitRSH
S, AFBBEZEAMARE. N THELZERAEEAGBEAN ASEHES
e B0, 24 N FH 21 & H 30 7 2 A, XX S (n) @ AT T 4

AR R EHEE -sh BB RERRMN. FEASTH MR, IRATIE
HTHFES _REFAS /7RI EM.

1. 5| §

XRE—RIICEP R —F, XECET IR TR0 2R H
FER RN R B B4 Hamilton f43 77 2 B A%, T A J2& b 3 46 5 R A4S 5.
XHE R HE R FMIER FAESENFER TN E R LELEXE
T B AH B4R, BP & 7L Bh 2

7 [ 2 4 3 v 10 R e R) A 38 R R FH 28 e O VAR, R R LT 3 IR
B P kAT, SR, IRATIEUE B, 8 i 15 24 Hh 2E P F1 % B Dirac 2
) ffE, 33X o () B R LA ] A58 i s P O — O W R A ke, IR O HE R AR UK B AL B —
A B ZABEF ) Schrodinger L E 24, i TR FHOASFE, gt 2 U, 1E R
H, - XoF AT LA = AR R ¥, PR O, AR E AR I, T B A R R AR RN K
B, B—hm, B RTEM, CRARN, HRMNTEERHDEP FRAmA

1) &M 75| B [Phys. Rev., 76, 749-759 (1949)].
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JE R, W45 R AT L k.

FE 28 B AH X PE 3R G B, — AN X (FF A FIIEH F B) =4 0] LA
A=A 1 A AR ROk RN, BB F R AR — H e 3 i
2 55— HF CE&NIE. TERTIE] ¢ F t, ZHA =ZREFL, MEKZ
BIMZE#EHRAAE —. BARIER 7 B R E N H M, Rtk AL C.B fl A —
EIE R — & SR 4R, R AP TR AT AR 2 T RES R
LF W — KT R S BRI X, — 5% FEDL 8 3 F Kb
FE—ZRIE MM B2 %, RAFE W =448, MY A W H P &R e —&HF
XERZE, A ARD, R RES T KB RKRZFIEH .

3X i 5 W Bt 25 0 G 1 22 () A K K TR Ak R 2 0 B R A o 72, BRAE
AR B 25 0. ), 24 2% e Bk S RO I, £ B 3t B R R X 7R AR A RONE.
[f]—4~ Dirac 7 &, EBEAT LAk 5 i 7 oy i R LR ¥, dnl DIsR (B
DA 4 b 755 58 4 7 2X0) i e K B R DA {66 SR % I ) R SR ek > A TR A R T AL
FXEEMEE. FER T 1% B8 07 m AU T R 2 i 7 ).

XA A5 Hamilton J7 ¥ KAME, FEIEKHKREREH L L ESE LR
MR, FEXJL, RATER, BN EHLETE. RN R ME T HLE Y
e 4. e ) RS, X e £ LA O i AR A9 W 4 24 L T Heisenberg B9
S 4B . 7E A Hamilton (73 75 B2 3F % V£ 40 20 A i 9 O L 72 b, SR
BFEIR T 2 Tk B E M. 7256 M X E PR o EZ MM EEN, £35S+
VB T 4 T b 1 98 X 26 0L AR 22 TE] A OR R

ASCHBFRRIE T TR B R RIS R T ¥, — 1 AE T BERR
R AT LA N B — T BB A 2 AR A AR R A AN D). 28 R B AR 2 g B ep wT L)
BIE B F &/ BRI F R o R AT T ) B LUEA XSS LT, AT
A P 25 3 56 T A 0 00 R VS I 1) £ — 4 7 1) BT E M 29 BR. B 48 R IR, DA EE 3
8 F TR B B A B R A M R OR B A R L E A 5. X MO AL R X R 3
BEHPCRAM. EEHMEBE T Dirac TEBHVHEEXZE, C2UEH, X5
W& F AL 2

B BT A Schrodinger 5 B AE 4 Bl + K 118 Hamilton i H &5 H
IR R BE, RATHAELIE T 1L Dirac 72, IF48 W 0o i B 7 2 10
fif A 2 3% F F IE L. BRAE A F IR AR A 25 R 2, 75 X b i B DL =R B ¥
(. (AT 2615 X AR IR A Klein-Gordon 75 2 B9 8 fif, {H X B [ 34 PE 00 B b
3R Bose it )BIA SR T X EEMTIEE A K, s RN D

[1] R. P. Feynman, Rev. Mod. Phys. 20, 367 (1948).
[2] F. J. Dyson E21EH, BT QEEFMHENER) 5 Schwinger 15K ) T 4E

M. Phys. Rev., 75, 486 (1949).
[3] X £ W.Pauli 5 H # B €5 G 1t — M & R AISEB]. Phys. Rev. 58, 716 (1940).
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BHER: BRAB TR ES ZRE FAS 7R T EFEMAIER.
2. Schrodinger 77 ¥ # Green R %%

B, AR A TR AR A XS R S AR X R AR R X AR R
W /& Dirac A X ISR F; B, &£ F—RXEP, OB HE I EME
YEH & B A X ISR, B & FHL3h /1%

Schrodinger 75 2

12 — ry (1)

3R T 7 T BR /Bt [B] At P, B TR AT exp(—iHAt) 1E R i B3 pR L o AR,
AATE AT LA, 402 (@, t) BTE ¢ BF 2] @y AR R, AR A, fH ARt > &
B A PR BR? S RT LA R

Y(x2,t3) = /K(fb‘z,tz;ml,tl)w(ml,tl)daﬂvl (2)

A K BEMETT# (1) B9 Green pREL, (AT RR T HBAIR N @ B F KT,
B (1) BRAERNEEN.) & HRZRAIEEN E,, KIEREH ¢, BHER
B, W (e, ) TEURFFR D Crdn(@), i 9(, t2) = exp[~iEn(t2—t1)]Crdn ().

n

B Cp = / 6 (1) (@1, 11 )dP, FFEAFE R RS TF, AN R B (R ATIE 21,1
ﬁiﬂﬂﬂ l,mz,tz iﬁiﬂj\] 2), Xd’zj: to > 11 ﬁ

K(2,1) =) dn(x2)d}, (1) exp[—iEn(t2 — t1)] (3)

BRIV SR, MT to < 1, EX K(2,1) =0 BHESN (H, 2) XXF
ty <ty AWAL). BHIUEW, — A K & XA T b 72 1 f#:

(ia% % H2> K(2,1) =i6(2,1) (4)

%oty <th, ERIE, K 6(2,1) = 6(t2 — t1)d(z2 — 1) X 6(y2 — 11)d(22 — 21),
Hy 8 F 47 2 MR B RIAHEFE K(2,1) WARICH 2 MR L, % H RR%
Bont, (2) A (4) ROIERGL, B K AR (3) RAHESE it 5.

(4 54 F AR 3 B BT, 6 = exp(ip- @), B = £ K F BT ARG, th (3) 7T
15 st > ) B

Ko(2,1) = /exp [(—ip-m —ip- @3) — ip?

(b2 — tl)] d®p
2m (2m)3

- [Znim_l(tg — tl)]_2/3 exp [%im(zz - :zl)z(tg —~ tl)_l]

i<ty B‘T,K@:O.
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E]
AT LA K(2,1) FRAEMN z1,t FFER, BliK =t WEIRIE. (EHXH
J5 B BB 28 B AR PR IE (expiS) MM A5 3], Hdh S B BR42 A0/ & [,
— ANBEFINTE ¢ BHAETF (2, 1) &, 7 to IR BETE x(z2, to) 2 K BRI IR 18
&=
/ @K 2, 1)(1)dz Py (5)

— AN RF IR R AT LU R K OR$ R, AT LUATE E ™ A& K B Hamil-
ton B H SRR, X THEHN, (FB T K BH#AREZFEHMER RIEL
BER R X AL AR R B T B 1%,

AT HEBE K R RS A KR, BATTE 15 & — A 1] 8 3 AR
6] . AL U, t) TH AT, Ule, t) 2008 AT A # R4 RATE T
BUUMTE ¢ Mty ZIE ) ¢ R ANFRE K(2,1). ¥ K # U 7R RIT:

K(2,1) = Ko(2, 1)+K(1)(2’ 1)+K(2)(2,1)+... (6)

5 U BEEY, K B F BP9 Green B Ko(2, 1), HBFF—BETE KO (2, 1),
B R U ALAE S ] £ 1 £ 4 Ata(ty <t < t) 22 050 /N 61 ]
Ats AR HEMMWIL. 2 0(1) £ 20,02 AT BB TRATLE s, 15 Ab 0 Tt 565K
R

»(3) = / Ko(3, 1)(1)d%z; (7)

XEFERM ¢ B ¢, KL FREBHB. X XBERME Ats AT LU# TR (1),
Tl)(m,ts = At3) n exp(—iHAtg,)’w(ﬁ,t:;)

= (1 - iHoAt;; = iUAts)’l/)(m, t3)

ARFRIMNEHE HER H=Hy+U,Hy & B H R T # Hamilton &. XH, 5
%gﬂd’%&%&, B (1 - iHoAt;j)l/)(w,t;;) Kﬁ], ’(/J(:B,t;g = At3) £ 7T —/NEHER
4

A= —iU(wg,t3)¢(m3,t3)At3 (8)

FRE D B PR IR, 7 A5 2 Ab B9 Uk R 3
Y(x2,t2) = /Ko(wz,tz; T3, t3 + At3)y(x3, t3 + Ats)d3z3

BH ts+ Atz ZJa, BLF 32 B B ). BT LATER 2 A% B 5] 2 1 32 R B 22 1L
2 (% (7) RREA (8) K, FH (8) KA (a2, t2) BIKF)

AY(2) = —i / Ko(2,3)U(3)Ko(3,1)y(1)d3x1d3x3 Ats
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5 P AE — BeRe g2t 18] (8] B N AE e, 7T LUK B 43 BE LR At IFEFHZ A, B
BT SR AT LU X @ R ts AR Rt K 2 (2) &K, B

KW@,1) = —i / Ko(2,3)U/(3)Ko(3, 1)drs ©)

KPR LY B A 235 [ BT E], drs = d3zadts. 3 t3 7E ¢ 3] ¢ K2
Ak, W) B 3h i A TRk, X EERNEE X, Yt <ty BF Ko(2,1) =0.

AL AR HE AR (6) K (9) RMER. RATTLUMESER, — MR FHENE
HETFTAN—HBS —AEsh AEdEEZIE U MBS XML 1 AR
2 M BIRIBAT LB RS M AT BB R M IRIEZ . BT LA EEMAA 1 3K 2
(6) RPFBHITAHHIF Ko(2,1)]. B (BEHE 1(a)) M 1 B 5 3 (RIFH
K(3,1)), FE L 3 B HEUR (AR ], B AR FREUN R IE —iU(3)), AL 3 5
B2 [HRIEN Ko(2,3)] XFTFARATAY & 3 #B AT LA K A& Bkt 72, B i X B A X
SRTRER A H T (9) A

B il

Z

(b)Y B it (10)

Bl 1 Schrédinger (Rl Dirac) 77 2 B LATE 52 4k Hh 15 34 $5AH 44 Bl 180 3 1% L. B 1(a)
B—REH, Ko(2,3) — A H BB FMAA 3 HETIAA 2 IRIE. FERXEXREES
A, B 3B, fRIER —iA@B)/em® s [ (9). (b) B %R F# X (10)]. #E4A 3 BE 1
e XAE 5 4 FEEUST, SR 7E Dirac B8 FHISH, Ko(4,3) BB A 3 HBI M4 WIERRS
B . 7 2 Pl T B R BT E R T Ko (4,3) BITRANX — A

BA, TR SEBHAEK [ZERE 1(b)]. BT A 1 HE K 3[Ko(3,1)],
FEAR LB ELST iU (3)], B RTHER 77 — B 25 51 408 Ko(4,3)], FFEEUS [—iU(4))
ZJE, BREE T B A 2(Ko(2,4)]. Xt 3, 4 BT A Al BE AL B A0 a R] SR An, £ 4k 2 Xt
BIRIEH KT K?(2,1)

(—i)? / Ko(2,)U (4) Ko(4, 3)U (3) Ko(3, 1)drsdra (10)
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AT (9) K AT AREE, ATLARZAE S M (1) X R EEIEH (10) . AfT7]
AR RO RABRIF R (6) AL fT — T B B 3 5 k5]

3. Dirac FEHER

PAE, 8 B3 TS B T Dirac R, M F L EM LW ERRE
BT A R, B H B & Dirac Hamilton &, v &R EA WM EHRKIE S
CFEAMRLTF). TR, Ko ¥ 3) Ak (4) XX, AEREER—T 4 x4
MM, EERATHASEER EAMREEEE (10) X8y U@B3) AT H
As(3) —a- AB), R Ay F1 A BRI RIRFAMKE RLIBFHA ¢), a 2
Dirac % 4.

R TETFITE, RITEX—EMXF LS. HUERXEWN (z,t) A z,,
He 4p=1,2,34 Hzy=t BEW. XHERBLMEH Fe) A K Ay BBE A,
ATLVAR Bo B B 5K v, AHFWZ# X EEK v, 5 Pauli 2E—1HF
i(p=1,2,3)]. SaEHRMAE a,b, = asbs — a1by — agbs — azbs = a - b. Fjll
B e, BEEEENR (BEARERE),NE g =a,y, TR 2 E2—1T5REM
BRANERE (BHH 2 A o, FEARERICS). v BRE v + 7% = 200,
KH 040 = 1,611 = 020 =033 = -1, KR 0, BWEZF. EARMACHERE
Opva, = Qs Oy = 4. HE ab+ b2 =2a-b LUK a’? =aa, =a-a BEK 4

R L o .
,lL=4 HTJ" m y‘j a7 ﬁ H= 17213 B_j-y bﬁ%‘]% —8_1:’_@,_8_2' 1E
0 0
X7=7#87M=:3&+ﬁa'v
SRR T HXHE I T, S5 R o), MILEE ¢, = o508 R (3) i ¢
X, FESN G A = Ay, B, RN m KR F ) Dirac 722

(iX —m)yp = Ay (11)
Tk E B iR TR TR (4) W
(iX2 —m)K4(2,1) = 6(2,1) (12)

Xy EHITEIR 2 R X AR z0p TR, zop 76 K4(2,1) A1 6(2,1) LA 2 KK
7.

(5] HZEENERMARS TR E ) XHH H = Ho+ U, # (4) X H = Hy)
nEESH TR

$(2) = —i / Ko(2,3)U(3)%(3)drs + / Ko(2, 1)¥(1)d%e
KRPFE—-AHLY BILIHEEMMLSIPLLE —TH IR ¢, KA t3, H t2 > t1.




A2 EBFE - 151 -

R K, (2,1) RARTELEING I & X0, 23 A R FER, WA 5 X
KE®@2,1). BY K. (2,1) BZEHEMT (9) RA—RIB T4 S, B

K@, 2)= —i / K,(2,3)A(3)K 4 (3,1)drs (13)

ERAR—THBEFHA 1 E3h8 A3, 888 BEEE AQ) BT U(3)) #
S, XAk%E B iz sh Bl 2 IR, 61 (10) XA —REBIER

kP21 =- / / K4(2,0)A(4) K4 (4,3)AB3) K4 (3,1)dradrs (14)

ma i K R
(X2 — AQ2) -m)K?(2,1) =16(2,1) (15)
i (13) A (14) 22T BT il R 9T R B4 J7 B B GUBUR I 2 o A 4% 9 T3
KM @2,1) = K4 (2,1) - i / K4 (2,3)A3)K (3,1)drs (16)

RN A EERE (12) A — MR KL = Ko, 3ty < t1 B, Ko(2,1) =
0; %ty >ty B, Ko H (3) RAH, HH ¢, 1 E, 552K F Fr ik £ 1 Dirac
F R AR BAAGEE, T H 6, RET 4.

SR, X RE BEPEAS tH A0 22 T I 3 R XE, B8 8 & M F Dirac B 5 2
WA E FFIEf 28 7CGH§, Flin, 2 B E 1(a) H7E—/NE B 28 X 3 8
BHZENEF. HBEFEE (WE 3) XF4 Ky =Ko), D —R 2 Wil
55 4% R K LA 1 BB AN B BR W B IB) IE 1) BT E, BD, AR ALY IE S A AL AR AL . B
PO B B U B 220 B B ). XDE R Ko(2,3) B MRS

7 — T E R RIER G, BUNE B FATREAR RGBS, L, %
K, =Ko BABBLAWERN, HE (12) XAS -1 RITBEEE XL
Ko (2,1) 0958, M08 t > t1 B, AU (3) KA ESEASR A0 AL BTE, o T Mk
Tk E&, B LB R E (12) . Bk, E055EM K, 2—
37K Dirac T REAH. HEX, RIFEE, RE t; > 1, 2 Ko - Ky B2 (3) X
Xt BT At BB A Z A (B, XA 25 4 U LE T A B [B] P & 5 1K Dirac J7 #2 1 fi, B
W, to <ty B, BEAERSARBEHFRFNMN EXFHHELT, Ko=0, T£
ERE, BEHRT Ki(2,1) # t <t BB (3) XA REES R, B

D $n(2),(1) exp[—iEn(ta —t1)] %tz >ty

_ ) £,
A =42 3" 6n(2)8,(1) expl—iBalts — t2)] %ty <ty )
fE,
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R Ky B A EESE, #E (13) M1 (14) SIREER T RS 4 5 IE/ 7235 X
FMHEER.

Biln, & MIEE 72, TN F A, (14) XEEM 2 R —-MRAE
AR FRIEMR —HREKX (K 2). R -NEERNEF, & t2>t, H
UFE (t2,t1) B [ ) B A8 A R R, 8ty Dt #RTE ¢ A0 ¢y 22 0H).

el tg > t3 [ 2(b)], W (B Ky t5 > t1) R AL T IEREA B9 L F 5 LAX
DL [ K (3,1)] B 3, FHHA [A(3)]. )T, EUARRMENIERDL T
A2 A 4. X i (14) KIEFH AR, FH R t4 > t5 B, K (4,3) BIF X P
WIERS R EA 4 B2, EXM#ER A 2, HEE > tq, EHWLRREE
AE .

2 K.(2,3),EfE

(b) AT ta>13 (c) ERLF R t4<ty
B HRE (14)

B 2 25 IR Oh S BOST B B AT LUR P 2(a) AR BR300 AT 2, W Dirac 57 0] LLA 5 —
Ki(2,1). EREBIATER 477 A AT X, IE 8T $ 80 3 BRG] REYE (c), M fE AT
AZZE R (b) M (c) R H A (o) T @RS (b), H R HUS i 30 el A5 3
AR 4 () PHASER 2 WBUHERS —IERTHAR 2 BIIAA 3 MAESKA A 1
8 F, 7 B AT BB P, O E B X AR AR S 2 R B S M RE B i W T R E R IE
%

FEIE WL T BEE R, f T ) B A R T, BRI 22 53 — B #9) 5Tk [
2(c)] FER 4 B A(4) ATRE=E— LT, METEA 2 RBEH BB F. ERF
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(BERZEI) AR A 3, FEMA 1 KRB FEE.

XA BT EER ta < t3 BT TTREIEE (14) X, I H X FIF5E
SIFBRAVART ta < t3 WA Ky (4,3). BT K (2,4) RTHEA 4 ™4H
FXE, AR 4 BB 2 Wi F. [FFEE, Ki(3,1) RN FH A 1 TR &
3. Hik, Ky(4,3) WARRRIERFRE/NHA 4 R HE 3 X—AHHER
THRE. Yty <t3 B, K4(4,3) (A ABEFR /A9 (F1) FA, X —FF LB T 25 /O
wWHERLARE TR TS FEE £/, RS i E &5 H L
BERYARIEN. XEBWRMME XERAEE X Ki4,3) 8 (17) X,
fii exp[—iBn(ta — t3)] B, E, B, {H t4 — ts LR A K. WHEV, & PR
BB R |E,|, X4 FEk A exp[—i x |En|(ts — ts)] —FEFE t3 k. TR
K (4,3) 1, BT RMPBOH 7R, X—F LB T EZ B, #% 8 Pauli
HOREERS, URELEA 2 B FESED B FRH6. Bx—%L
KRB G, X R 75 XK AT DL IE B b 4 R BT A B &k A 0 B i R

50T LA (14) ARHE M RE A H AR B F IR 1 B & 3[K(3,1)], A
3 8 A(3) BAE, AT R 4[K4(4,3)], KRB A(4) B, BRIEAFIA 2. R
o, BE AT LA )R o B[R] S, o m] A ot RO, — AN 3R AR R R T A
B—1E®F.

Bt LA, BT 8 S B P A 1 BB 4 BE R R DI A o R AR 4 B,
H, XMPERRIEEFRERE XDEBRFXFEL S S8 FEET.

FH X b g B v] U E B b R HSE M IE e F X4 (S F K 3). B
e (13) b, IR ¢ < ts < to, A4, HES LT R OIRIE: & ¢ B2
A—THFERLELNAEFE-TEFELR 20CER 3 #H),; m—H
T, 2R to < t3, BIAN, t2 = t1 < t3, WIEAERRIE KNG TR R0 0E: 725
IHWBE TR 2HERTFER 3 ER, FERANTFHHHA. FEMRE ¢, f
t1 B 3, MEAMARD] - ERE TN, HBEFELR 2, EBRFER3K
(f2) PR, X— X IEfRETFTREE AQ) AESHARN. TR 1 >t > ty, M
(13) AR E B F B A XERIBY SESRFNESHOREAE X, 5
FHWCR 1. (J5 TR B TR 4 8 X — kL)

(6] B 4% B3, X FX AR, Sl 7 B0 0 B4 5 4 M W 4 B
JC. A B7E F %R, F5 312, X HAhad 2 (n: B #8) taB4s i IE 7 45 SR a9 3R b 7 ke
oy 23

[7) Y& F55 — 2B A, ¥5 512 E. C. C. Stiickelberg[Helv. Phys. Acta 15, 23 (1942)]; R. P.
Feynman. Phys. Rev., T4, 939 (1948)] B £ i+ it X #p B A8, B IE B F 1 L /R R [ A A
FAXT B SE B[R] B2 ) T, S b WY E B (B A ) R RS T Bk 7E R h
R MR F N — N SRS — A M AL | Eallt2 — t1) BN
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B 3 KEBFEREIZER t1,to WRFAR, F—2AKXAT#HARILDAFH KSR
P.,|Kf:‘)(2,1)|2 ETHSBROME: @ AR 1 H—THFHFBIS 2 EEEPEREA
ERHEMERE T, O) EA 1R TSSA 2 WERTELR MAH 2 REERT.
() NEZ P —3EA 1 I 2 MIEREB F. (4) A2 MEBRFHHIE L KVe))
A REBHRN M. P, BH—LHE

xRS (2) RMEAELAARE:
¥@) = [ K@ )HOYOPY: (18)

Xp &V REEA 2 INZXEAOEMAN 3 £RENERT, N1 2
Ny (D), N (1) AR A1 A0SR AT 1) B A4 BT 1 2. S b, IR B R o (2) (1
A LR B BUBLF) 7E— N IO 4E X 3R b A48 58, U B A o DX 3R A il —
REEERBEH E.

RT BB — R, BB TR, B =4 R ML b h o Z A0 93 21,
(eanist ¢ = 0) By 2FR2S 8], LAK T > to B 20 i 42 0 25 (0] WY A, 6 K S8 3R T T
B PR 6 T ) A T T LG B g, BRLUE, EAIRA A AP B TR [H o Ky (2,1)
FERZ T IR BB B, & v =0, AREEL N R M -5, L,

¥(2) = / K. (2,1)8p(1)de; / K. (2, 1)8p(1)d ey, (19)

KXF t1 =0ty =T. RE ¢(1) IERE (BTF) BNk —PBR2HA Tk, Rt R
A (1) e (ERT) 2 BEXE ZABA TR Wl R, £ 2 BB

8] K (12) XA (—i¥1 —m), HFEBEZB ¥1602,1) = —¥26(2,1), WTHEH K. (2,1)
R Ky(2,1)(-i%1 —m) =i6(2,1), P, 1 fEAT Ky (2,1) WER L BESERHZ
Je AR v SRR T IE#, H v(1) XA FRE, A Kp(2,1) F 11) R (A=0, S HAE
B2 1), B, BX e XIS, Z2 i B4 AT LAAE 6 ok xof X 38 2% 1l i B, 2
M2 EXE S, MAERR @), MRERRE WAIE. (=4REEIT LK BRRIMFA
NETME— LR R4, B a] X S e, MR THAMIE)
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F R, 80 0 T A 6 R O R 4R 30 00 Bk S Y I R 7 84 R W 3L [ SR B
SE. ALK H A BT, ARG, BER A& R, ER 2 R
BE B R IR A B RS AE — B R ] R B — T (- IERT) KRIE
KokE. WS RRAFER T, R UEN R (b HAsh ) A E R
WL X S AT Al Y I R K R 2 B IE W T 4 B o R B A Y.

AT AT LISRBEBT (5) AW R RIFHRERX. Flm, £t =0mFH
—HFATIERS, HEREOR f(x), IBATE t =T BRI (ERE) B REA
g(x) BITRIERA A7 16 t = 0 LUG, 7EAEfT 7 Z B F R IE 2 o (19) A&
HE PR f() RBHFE )], KB AR IF. WHR ¢* =76, Filk, 5
(5) KL, ABETIE g(x) BHRITFERETT (o =T,t1 =0) 2

/?(mz)ﬂfﬂ(?, 1)8f (z1)d*x d>x; (20)

WRAE 0 R T 2 (6] i R L, SEAbA e A, A KUY R K, HI,
i (13) =X AT J BRAE W A — AR R

i / 3(22)BK 4 (2, 3)A(3) K+ (3,1)8f (1) d°c1d s (21)

2 1 e 25 2% T A4, 3 EL T O o T A T B A AR 5 3 o
BRI B = B E B BT — 22 = 0 B RB f(z), R A1
AR o, B ERBK £(1) R SORE, FEFARA £(1) R B iR TR
2, TEL Y 4y = 0 B, ERLR f(zy). WAL, AN 25 B B8 0(2) i SR,
FRH f K (3,1)8f (1) = £(3) UK

/ 3(2)Bd%22K 1 (2,3) = 3(3)
(TSR R E RS, R R
3 / 3(3)4(3)f(3)drs (22)
e, BUA R RN 25 AT 1. TR AR — S BCE R (1 (14) ) 2
= f / H(2AQ@K (2, DA(1)f(1)drydry (23)

FEXAEEP, A TE Q) BRFRBIZXA 1, EHES [AQ) 25, T#EE
R O2[K4(2,1)], B [A(2,1)], RELTE ¢(2) K. # g(2) BHARES, MR
IETEM BB RTE £(1) BEE T AL ¢(2) A6 IE BT 18 & W 8 %%
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AT — BRI B RO AL (B, B AR AT DIAh B e R S —
EH V(HMEJET) 0z sh. G EE R RS, AR LR R iE
or(1), XRFRLL A b PR B R M F 7R Vb (RE R, &R0 )
S b B 1 RIE. 85, B — UG iR IR 2

tna (2L / K. (2,1)V (1)é(1)dn (24)

ALK (24) A FTAM 0 Bl oo B kKA, BEIR LR EREIEL 1, BRE
EERMHZEEE A 1 HERE

P(1) =) (1)
k=0

S
¥(2) = do(2) — i / K.(2,1) ¥ (1)p(1)dn (25)

Xt F AR, BATAERBGE T B 898z 3h BRI 46 AR do (B 47 2,
B ). 4R B LB K/ B R AM# Dirac 77 2

(X —m)y(1) = ¥(1)¥(1) (26)

B (iXy —m) YERT (25) R, 135 o, ERA (12) RBEATHEHE B, X U6
BT b3 W 0 A R B B R

TEVEZ (0 h, AT LA S A+ V AR—TEEN VB —4
BEEMEH A, #H&E (16) RepIEEX K, 8 4 R v, #HAH K
R#& K,, Fi# V ¥ Dirac H1 (26) Xt F 236025 (MR (A& & kT3
BRI BK) AR BR B £(1) I g(2), MIiE AN (23) R F kA BEAR L.

4. % FB 1 ia) &

FT—2RMNEIHAHED (2D HFAREG (REFBEESF=4H
IEfA X)) B915 0. 76 J5 TE Y 3CE ORI 8 X 2 v i 22 8] 49 4 BLAE AL 7R,
ERECMNZEBRAHREER. EXMIELT B FEAMEML. 7T LAFUE,
HHWNBT o M b, A a BT H @1, 61 B @3, t3, T b BT H @2,80 B 4,14
F4) i W R T T 1) R AR

K(3,4;1,2) = K14(3,1)K45(4,2)

AR a5 0 RAEERY, & K, PHANEEDHERT o BLFM b K F K
Dirac WU B8 (BAEXNWRECA 16 1 EH7). AL HE P, K, M K 28
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K A K. Ak K R R T SO, BAIZEE S, PR AT
B2 a Fl b, 548 F o BLAY B 23 A8 R LAY BT B AR B 3 &2
SR, BLF R R, B R A AR, X R N 2RI K(3,4;1,2)—

K(4,3;1,2), AR A5 5) 3,4 5 B0 P B 0. (L5 SR RE 00— Ak ;1 4 R
fRFe s T2, AT 3 A 4 SERBLS (KAL) i, 45 RERRLL 2) XA
FAAAIE B TR EFE (B 1), 100, FFALE @ Bl oy (LIS 6 = ta) &
B FAIE L F, 5 1E @3 Fl @a(ta = t3 > t1) REENIMRE RS H T4
H:

KM 1)K @,2) - K (4,1)K(3,2) (27)

3k — T KR R 1 RTRER) A 3, IEH b A 4 ATEE R A 2 B IRIE (K 4(2)],

3 4 3 1
™ « &
1 I 2
2 4 2
®
1 (b) 1
3 2 < 2

@ - &

gl A

B 4 A E P50 IF I HL AT (B0 b W RE ™ Az i K LX) B R R R A R A M R R
Py KM (3, 1)K (4,2) - K{V (4, 1)K (3,2)|2. (a) 764 1 FlE 2 B9 LT S 3 5 3 AR
A(BAH ERE FIIER), (b) FFth— A8 FFEN 1, BB~ IEfRSE 7, Bl FE
K2, BTER3ME 4 (o) FEA 2 M 3 BRI T 42 1 M 4 BIE T 7 X, %5455,
A 7 BRI 2 25 3K e A R T Y o R ) R

M _WRRERHEFXES LAE 48R FEHPE 25534 LESR
A IR R, B 5 — T T BT LU BUL/SR T R R B R
AH—AHmEF KW, 3 B S RBU R A

T LA, R R A AR, R T, R B EER (14), & >
ty B, Bty < t; UBCFREMER (B 2(c) BAEA 4 BTG, BF
FFHER) A 2, B FATHER R 3, FELE ML 5 ph A 1 Bk A0 59 — Al TN, X
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SR AT RER RO B, A 4 AR FAA TR A S 1 B8R F R
A, M AARAREAT R, Al ek A XFER (14) XA S EFH kTR R
i, AT F B, AL ERE S — 8, HEBREALEEAHE
JE B,

IEFE T3 B PR R A T ¢ B 20 B9 B2 3 ¢ B 2003 2 125 B PR 0B T 5
. BAIXS B TR 1 AR T 51 R A IR 08 B O RO, BLE, T LA
REAZ P RAEN IR R4 E—-DIERE TN, #E5XF—XIE
TR 3EE (XFPIBRHKIAGELRE) HER -HALE A TR
RS L, W, RELAHREEZF-EGE TATRE 1 B FHIERSR
TXF. B U, 6 2 DA AR Xt 4R 0 P O 25 AR L T A AR A . (B, X AR R UK R
TRIARIEM AR GRS (14) XP . B K, B95E X, BRI A 5
BIA LT 805 Brid, 586k R 7E P E & P 58 248 %5 18 A A A R

P B4 9 i A 2 A X B89, EATTEF 07 45 45 P B S BA X B3R 5 6 A
R LA Py, W14 X HER, P, RVISRAFER T MRS A7 BA B HE
BER. 5 AR AR S AR BE R Z A 1, BIAT I3 — 46 A X R, AT 35
th Py, (B30, 5 NEZETF 4R, AT AR T 53 2B B3R R RFFAE
Z= (1), FE-MERBET, FEWMNIERBR T, F5%, EMNOMRE P'.) #HHE
BHARXMER, HIRERET, HFHEA RBAE LhdRs EE b k4
HAaBHZELXER.

SR, 5 FATTHE T — e SCEE o 4k 280 ol 6 22 6 A9 4 B A0 LR, 49 00 3 G i
B FFEFEEZTHEBE TS5 ELHE TZ R BEEHOBER Ji, £TF—
WEIMEZEFRENDTE HPaF—1 M2 8K P, K7

5. E% 8]

7 — ARG XTR IR 8907 2k R IR IERLL C,, FE R M AZ B KA
R IR, B, 70 25 0 R A HR B AR T 59 48 X HiR . o E L BN ) 1) B P9 R A AE
Sh8, MAT MR C, = 1; BN, MATEXT EHFTWTHEE. EXR%ET L, K
JRE (eanit) 2 Fr A= AEERE T, ZRAEMNX TR Xfmdi
B R AR TE B 25 B P R B — N & BB BT A R A A BB A A iR R
Mic A L. L M—ZiEpl2

Lo z-% / Sp [K+(2,1)A(1) K4 (1,2)A4(2)]drdr, (28)

XRERALL () 74 1 =4 — N IER BT, 85 e0 X EMm A 2, JF
FEAR B . X PR R 2 B B IE B X B4 B A AT BE A B SR AL 1/2
FRIETF R — A B AT LUA R AEAE — S b IT 86, S X R EAE R K —iA
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HF. F—Zamal
L? = / / Sp [K+(2, DAL K+ (1,3)A(3) K+ (3, 2)A(2) x drydradrs,  (29)

MM T X BRI 2 A4 L0,

B T XL PR 2 A0 AT RES AW AN ML M IE T X, HE X LA
AT, BIAE 25 a] RETE AL A 354 A BB, X 4 50 X U 0 %) BT R4 2 SR M
BE—TEA TR A XHERNUE NS TTIRE T X & BETIHAE
EAMARRE) L2/2, A A% L2 PR EMBEHET K &F 12BF. T£
HE-HETREA

L2 L3

Cv=1—L+—2——F+---=exp(—L) (30)

HHAMRAEAE . — B A BESFHRE LEX C, MERE -L, X
72 Pauli JRERA SR, B0, % R PIRL T ™ A O, AR5, X 2R XA ATE
B, XHE RPN E. E—SErE, B TR gERmEZN 8 FEA ER
— /8. T A T3 S SR AR SRR A 5, XK EORFE C, AR A
[l B 5 5 (LA ARl 77 KT LAGIE B, AN AR 2 SROBE G0 A X 7= AR R iR — Ky T
2 +K,.) MREitaFH

Co=1+4+L+L?/2+ . = exp(+L)

LAE—TRAXEER KRB LY, BT RARI). 7£F —fXEPX A
¥ 5 EERA—EITE. EAREmE—EE Bk 30) X, ESRFEE
4 48 2

P, = |Cy|? = exp(—2L HI5EFE)

(9] X—TALPr L FF EWHMT: EEMAKEEH D, i + EBETLURES. %K
B KL21)PyHFSSEEER K11,2) WEE, TRSTWETFHZERNKFEHR
kT, BARMNER n,r om0 FUAERMAAER. BEETTHT AKAE
S4B (—1)3. FXAREEF A S, A A B4 30 B4 6B & TR o8 Z
Y b, X R T T A B B, T BE AT LUK A J 1 4 B, -t AT DA R i) %
HEM AP IREH . EBFHREZEHEMFERS XH¥ESNHHEEERE
S FRABENMHEEANMET. XHE W. H. Furry . Phys.Rev 51, 125 (1937).

(10] BATESS n WHA 1/n BT, BrUARAER L A kY SRR HE ATE
5 RmEFBBEANENR AA SRR L K AL BT AA A LLFE n A $ B 4EfT—
A B, AW AE S 1/2 B 13), 14) X3 » KAE, BRI (16), 18

AL =i [ SplK{(1,1) - K+ (1, )AL W)dn (29)

Lk b Ky(1,0) TR HE.
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XMEE HEHEEABERITE -3 #H Dirac LKL K AHE AT
M, L (LW EIER, BFLL P, /NF 1. Bose &£t 4 C, = exp(+L), &R P,
MM KT 1. RT3 B A% I B of At e i e i, DR 0 A 8 LY. FRATTXT
K. A 1%6 $5 BH 5 b R A S A 25 R B

A A X B3 Dirac B F B9 75 ¥ [R5 b 40 28 Al AN Klein-Gordon 77 #2
A B AT, FE T e SC R B A M S el 480X — AL AIRES LAY SEER R AR,
FrUAEXF BN T AT B, BKRTE Bose 41t Bl

6. EEHERR

A B[] B R AR A2 6 0 ] 7 L 8 A 3 4 S A i, 2 TR AL
T6 6 SRR MR AE T, A K4 (2,1) B+ 4R e, (R RATH 2 £ B,
B ) Fourier 25 B #R R 7 8L, K é(}f— m)~L, Bf

Ki(@,1)= é /(p— m) ™! exp(—ip - z21)d*p (31)

R p-wo1 = p-22—p-21 = Puop—PuTip, ¥ = Py, d*p F T (2n) ~2dp1dpadpsdps,
By K2 p. M (12) Rt el LS 3 H 458, 7E B & (pa) MBI E (p1223)
ZSE) v, B X —m RARRE p—m, T 0(2,1) ZBHBE—THE B p? —m? =
(p—m)(p+m) BAE v HEFEM LR, HOEERE (p—m) ' AIB R (p+m)(p? —
m?)~1 XEE, IR E R AT LS

K4(2,1) =i(iX + m)[+(2,1)

S
I,(2,1) = (2n)2 / (% ) exp(ip - 2 )% (32)

B R — N A T R R X R

O314(2,1) - m?1(2,1) = 6(2,1) (33)

Bl .0
Rtes 7 Y-
it q:' v (Vz) 3z2 3 T2y

B R Y p? —m? —OH‘I (31)3Fn(32)itﬁﬁﬁm$§i*tﬂﬂmﬁ B LA (31) il
(32) R A BB A 52T E. 7T LUF T R B0 5 SCANA 55 5 S Ak 45, B
K mE— T BR /N $ R BB AR m—i6 AU m, FEER 0 M b T T R AR
RABTE K, B5EX ps BUFEIAT B X . H RIS E = (m2+p2+p3+p2)Y/2,
W43 & pa BOFRSY SE 0 b 0 1R /exp[—ip4(t2 —t1)]dpa(p} — E*)), ETE p1= E
Mpa=—EBHE Fm—is NEm BWRE EH—A/DEREET; 85— K%
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ETELMZ T, B AMREEEMZ b B to —t >0, 0] LLSESC R F m A9 2f
B 52 iR B E R4y, TR, ME A ps = +E BHBE —(2E) exp[—iE(tz — t1)].
Fitag—ty <0, LA ERE, AL py = —F, FTUESFHER T, kB8
e —E X (17) BrEsR a AR AL AR 1k

(12) R HAL MR B T B4 E. Bl ZHINIETF (p? —m?)~! F
ps BH—IEEEB, W K, # Dirac B FEE T Ko TR %t <ty B, ER
Z. BRBHEEMN (x,t=221,)

L (z,t) = —(4m)~15(s?) + %Hlm(ms) (34)

W25 g2 5= (12— 22)V/2 Y 12 < 22,5 = —i(x? — 12)V/2. H® & Hankel R,
5(s?) J& s? 1) Dirac 6 PREL. M REET 1T WA exp(—ims), TEFZ T 8 B
W2

BB TXREMEHR RAESE B (22) M (23) XIPEMEKT. SHhERN
p1 BB BT EREBE uexp(—ipiz), RXH v B2HEE, ¥ 2 Dirac &
prur = muq, BT p? =m2. B pr,u BIZIER po, IEEN uo WAKERETT
(22) B —An?i[uxA(q)u1], K ELNH T A1) B Fourier 4 &I X

AQ1) = / A(q) exp(=ig - 1)d%

HHE®RFEZSHESE ¢=p2 —p1.
T (23) BT RAE ug M uy 2 (8] B4R B T

_an?i / [ (22 — 1 — 9] (% + ' — m)-"A(g)dlq (35)

XERRNER p1 BT LIS A(q) K15 ¢, ISR (p +9) 158 [HF
R (o +q-m)7Y], ERIBHE A(p2 — pr — ¢) FHRHEH, KRG T &
p2—p1—q, EEBNER po. B FAEM g (EHHZATREAY, BT LAZXS g B4).

[) AR 3€ S 6 o ] N R T IE R (R ER R, 25 py BB ] 43 R £, DU
XABRRMUSER —p WIEHRF, & p, ZHEF (B po METREI2 8 HIE), W
R R F XA, S5

TR (eMu) WEAHAOBREL FHEXEELS. EAUER
(t1Mu2)(@2Muy), b M B¥H M 2B RF it ke, 3K H b

[11] Iy (z,t) & (21) " [Di(=,t) — iD(z,t)], R D1 #l D J& W. Pauli & X IR E. Rev.
Mod. Phys. 13, 203 (1941).

(12) & X B m HHA —is, W XF T IT055 K 9 IE Gt a], R 1, 88 FF. 7€ — i 4
B, iy S T 5 20 K T OR B9 B A, X s R A .
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BEHEMN i Bl -1 (M £ B T BM W%k B IL4E). 315 2 8 8, RATAR X0
KA B FRAMMMEEITFHA uy (M FEA BN M) KA. FHH p &
BRI —m, FAXARREEE. HAEWE K2 WARM, o UFHA—
BEER 2m) gy +m). TREFH piu ISR N py, A 824 MR
EHERN 2m) " (@M x (g + m)Muy). A SRR AL, T b AT % H A
Hesk#n, 355

(2m)~28p [(#, + m)M (7, + m)M] (36)

XRHER p, BREENEFRIE po 9 (B HER X NRESER
FH sz, RES p 5l A G BBAGEE, H Hi% B LT e MR A O R AR R R
(AT A B R B IH — B (aw) = 1, TIAREH B (afu) = (u*u) =1. 7
WA H T (afu) = BER/m, BT LAZ R 35 24 49 N 7 R 18 IEMER.)

fEE Y 52 ASL RS TS EH B HE, K955 2 H. A. Bethe
1 F. J. Dyson. X}k # %2 B

Bt i

a WoRETHELNEF
FEX— T B, RATKIES XA Mg 5IE s 72 X SN B RiEsE
Forh i F 3 R LB DS, X AN 16 A R A T R A R A R R

Ox

el
-

B PR x kR, Hob H = /w*(m)[a =iV = A Ak i), v (x)
Bz SHKX—-THBEFHER, v () 2MENAEBF ZETEEMR, X4
t=00, A—BHEFATHEENIIEEBE f1(z), f2(x), -- BARFRE, B
EXLR R IERZN. A —IEHF, AREE PR Z 7ORFAR. 1E 4% #,
HAXEZE NHBEFRABEEEREE p(x),p(z), --. RAVE R, ZEBFRE] T, S
a(x),g2(x), - PRIABTF, 7 q1(z),g2(x),--- PEAEZXWIRIBEH 4. &
R BRI S RERKEBERSINI xi M xe, WIRATE T 1 # 5E BF oo

T
R= lx?‘ exp (—i/O Hdt) Xi] = (xfSxi) (37)

Bi&, XAE 0 B T Z [ M BT RI N, ¥ A AR RE, FR2, af L7 S ] & X
HZ H xo RnHZES (WA ek g, i ERRES=EH), WE t=0

[13] il N, F G. Wentzel, Einfuhrung in die quanten-theorie der Wellenfelder (Franz
Deuticke Leipzig, 1943), BV E
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RESMAERE T 2 2 A iRIE =
Cy = (x5Sx0) (38)

T
Hr S K exp (—i/ Hdt). LATH ME R RIFIEHERE C, FLL
0

—AMRAE T, FEAXMEFU LS RER T RAET K.
He, B xo RER xi. BFF

g / ¥ (@) d(a) (39)
AU RN o(e) HORL T, 5K, & = / *(2) x P(a)de WR—4
WRBN o(z) T FEME
X1=F;F;P1P2X0

MAER GiG5---@Q1Q2--- X0, HH F;,Gi, P, Qi BEMT (39) KX frE XY
o MHEMAR, A2 fi,0i,0i,0 RE & BHFEE fi, o, DHHET, HX
p1,p2,- - SHHET, RIEHESHIWES. TR LF

R=(xp- - Q3Q1---G2GSFFy ---PiPs---X0) (40)

t
T AL, B o° B S Z KR 5% K. K, %8 exp (—i / Hdt')
0
t
& exp (i / Hdt’), A (o) RTTFEA, 13) [ 4 @0, el € X
T ¢(x,t)]. MR HLAFLL exp (i /t Hdt') -+ exp <—i/t Hdt') H R
0 0

/ ¥ (x)p(x)d3x = / »*(z,t)p(zx, t)d3x (41)

Heh g(z,t) BIE LR P(z,t) = exp (1] Hdt ) () exp (—n/ Hdt’) 0

JAR, Y(x,t) 2 Dirac 7752, (B v(x,t) X ¢ 4R, BRH H 5 ¢ B8xt5 %
%)
0y(z, t)
0t
M o, t) L2205 /& Dirac J7 72 CKF (41) R0 ¢ 547G, BE A (42) X, 4>
o).

= [a - (—iV — A) + As + mPByY(z, t) (42)
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XHE, % ¢(z,T) & Dirac FREENZ T WfE (B t =0 & ¢(z)), 3
HEX ¢* = / ¥ (x)p(x)d3x LU K ¢/* = / P*(x)p(x, T)d3x, M| ¢"* = Sp*S—1,
g

S¢* = ¢™*S (43)

A LA — 1> 187 B B¢ 451 = 158 I B B A i o SR R R AR i R —
AT, R
r = (x0GSF"xo) (44)

Al AR FH (43) R (SF* = F™*S), i F* 5 S &8 ¥k, 75 F'* = /w*(:z:)f'(:z:)dsm
G R =0 BTG f(z) KB TIRAE T 20 600 ML T R
r= (iGF"Sxo) = [ 4 (@) ()20, - (GF"GSx))  (45)
Hep, BoARBRAAT O, MEX (38) R, UR BRI HXER
GF* + F*G = / §*(2)f(@)dz

B ¢Y(z) R — MR (BINEE FG = —-GF U XK F*G* = —G*F*). (45)
RHPEE—TH xoF™ 2 Fxo WELT. XM, & f NEFERBITE, Fxo
NS TE, Tk r Ak R C, Fe— K F. SR, IE Q03X B AT 8 H AR RE, F/ (08
THES APEARNTEESR, HZ, X078 070 nE E.

ik F* 5SEAF S ZHZAT, Mizm EEE T RE RGBS KR f(x)
BB —FR/F P T HERME £ RS IERT, BRIAR

S(Fg + Fgt) = Fi£S (46)
A B M RER P RERABAFS WbRiC. TR LMEA
SFy = FgS - SFy (47)
FE—A~ L A [a) B o, A e o 2 R T
r = (X6GFiSx0) — (xoGSFg xo)

H A 5 — 4k R
r= [ g @1z@dc,

W BRI, AE Fipxo =%, TP AERAF Fg /8T 5 A8 30 B0 1) 12
BRF, U LS WO F. 3RS IE O AR
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(46) KR H B MR HE T T2 KPR fip(x) J5, BER 17 HE
&, f5, BAUEE N b, PLE T i %] Dirac J7 R Hfif LA IEfESH i [l X2
—MEHE T KL WL E R BRATHER 60 ERR S’ fp ME AN 7 RES
®B (%), B, REWIERRSE (W (19) X) &2

fhe(ag) = / K (2,1)8 1 (@1)d% (48)
Fo b = Tty = 0. 25folHb, H175 60 52 BB B A
fi@n) = [ KP@D8f @) - fip(wa) (49)

Hep t, HIEMBETE, Mty =0. WE fip(z), AT Y t2 — 0 B, 7 fgi(fﬂz)
Hh XA SR B B T TE to B Z KSFA)(Z 1) B Ky(2,1) o HED
BEPE. AT B R

fh (o) = / (K (2,1) - K42, 1)]Bf 5 (21)d%2, (50)
Rl 75— T B — / 0" (@) flu (@)dPaC,, i (48) 2078

LI / 0*(22) KP (2, 1)85 (21)d3 1%

TE 40 B BUR RO AR RE, R 555 3 W BB R — 30 (HI7E (20) R KUY fin
KL):

550X A UE B HE T B E — MR R AR, (40) 3, B LU 1948
KA. B S, I (47) RIRRER K R ARB Fr, BB T

R= (xg-@3Q7 GG F[" SF; --- PPy - x)
~(xg- - Q3Q% - G2G1SF)" F3 - PLPy - x0)
WIR, EHE—Th, X8 Fro 5 G BKE, PAE— AR, R
/g;‘(m)f{IE(m)d3m RUEMEE PSR FHRER. F—% BHY
Ga ST~ MHIIH — [ g3(@) x 1] p(@)dPn bt — KDL, %

% BEFEX QL W5 Qi RX 5, U BES xg Ik, 82 FE. %58
ZI ERAMAL B, S B RIS, K Fy BB EERA P RRS
Py 8, PR — A BT BB N, B T

B / Pi@)! g (@)
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WM (49) R HE R F / pi(@2) K\ (2,1)811(21) a3z dP 22t =ty = 0) ((49)

KX fi(zz) B5 pi(zo) IERTNEA FTHR). 1E 0BT B AR, EfiE T H
F HL SERT p BEER. FY DXFTAH%BE P EEERT xo, &
HRE. XA, FEPENEF (b TAMARE ZoREFSIERMEE), R
Y46 R > A A BB B 0, X TUE A LU Fy SRR i — 5
Y. A Fy A2 )G, 0T LAER Q* IRMIT Xt —F Ak, K ek
At S, B FHEBLTF (46)—(49) MR R K, P E7E T I 2 59 46 77 RE ST AF. i L8
2MMEZE, AR T LK E TR C, (BB AR A ¥ 1o 2 A 7]
f).

U7 3K, AT LA %8 69 B T 7 45 2 P as sh R ey . A I —
KRG C,. EXT 85, BRAHH C, RBMHABHERX. B (29) 1 (30)
KRG, FEAEGIESE, B RE TR, EHRRIEMK.

b. £ % F A4 M

BATE N & FA 7R, HIRYIEHE C,. BB —RII A, &5
— A () e, B S A R A 1 T BT B A AR A, B2, X — A R, AT
HIEER C,, HER to M T ZEE ¢ AAHFR B, TE 0 2l to 4 0. FRULH
# Cy R Cy(to), R K Hamilton &K Hy,, 2FFAEE T Z A Lto). #
to =T, WMAE— V)0t 2 F AT, Ral e ERE T3, L(T) =0,C,(T) = 1.
X to =0 B, EERRATWLFEE, C,(0) EZ (38) REXH C,. —BA

7 14
Cy(to) = [xé‘ exp (—i/ Htodt) XO]
0
¥
E [xa exp (—i / Htodt) xO]
to

XREERY < to B, Hy, 5T HUEN % K EZ Hamilton & Hr,xo & Hr
HIAAE R B, HAME(E (A RER) i LIBUA .

Cy(to — Ato) FIMER IR T Hamilton B Hyy—as,- Hig—nt, 5 Hi, BIARIZ
AMAAE F, fE— 5B Rl E F Ato WAFFESN RS BEIME IR Ate —F, A

T
Cy(to — Atg) = (x(‘; exp (—i/ Hto_modt) XO)
to—Atg
T
- (x(‘; exp (—i/ Htodt) [1 - iAto/'l,b*(:L')
to

X (—a- Az, tg) + A4(m,to))w(a:)d3m] Xo0)
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Hie, /3 C, BB REX

T
__dC(’;,t(to) =—i (xa exp (—i/ Htodt)
° to (51)

X / w*(m)BA(m,to)z/)(m)d3mxg)

{8 FIRIfL R B B0 25 0 gk, AT Ak o — R BE T C, (t). AT LA
B © HRBIDIS v M vy, EAISBMERFIE . fERRE. K
Ky AT xo 8%, FTLFER B B AR T HH, o5 fAvy M o) fAdg.
JE—T g x BAYg ta R BA TEPTA FRES T RIHIRHE (B oy BAY,, JEEE
FT xo ). X2 7E 1 REYE b 2025 3018 00 A0 308, e 1 45 0 A0 1 R AT 7 24 A
JR 1A Hamilton & k= 7.

BT —T 3 BAYy, RS HENE 93 4y, TUERE ¢ (2)fi(z), H
F o fr(x) BB pAY(z) WIERE /T B. XY f 2R, B ¢ (z) fip (z), HE
B — 8, REH o*(z) BATUAE (47) RELEMH T R

T
exp (_i/ Hdt)
to

(B—FES LK E T A% IE, %R Dirac FBENER ¢(z,t) B2 5H
EWMRRERS TR XA, FH (48) 1 (50) R Al¥ (51) RE &

T
_dC(';t(Oto) " ) (XS //qp*(mz)[{i“)@, 1) exp (—i/to Hdt)

XA(l)w(ml)damldaicho)

+H (x3 exp (—i /: Hdt) //'tp*(:cg)

x (KM (2,1) - K4 (2,1)]
XA(l)w(-'Bl)dsmldaszo)

ERA BTty =T, BT by — to = t1. K WP (A) 459 £ IR 5

#AF XK HTE—TREE (h K1)y WERSR (EEAT

Xo B%), FUEHNE. 8 0 R o (2) MRET. T, & v ()

5 ¢(@) ZBREF, EERAT xo LABZ fBNK v 50 WX 5 XET

A, AT F i — 5

dCy(to) _
dtg

[splx®a,
—K1(1,1))A(1)]d%21Cy (to)

(52)
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% (29) X ZFCE (10)], (52) X H Cu(to) WE FHRLL —Aty AR L(to —
Ato) — L(to). BEAXAZERIEFEESE AR Ato ZE KM AA = A. BT
—dC,(to)/dto = [dL(t0)/dte]Ch(to), FFH to = T &l to = 0 B4, EIUEEA T (30)
Bhs

B R A L R S 3RS R R R 20l B, W L R RS S
BB a R R . NS AL 438 Dirac B F 09 ¥ LR EAH
[R# T 8k, BAR AT L4 #7 Klein-Gordon 77 #2 () Pauli-Weisskopf H 5.
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A3 ETHIANFNRNZHEZETE

WARE: XRCEM T RS (1) Br TR DR E RS BRERT
(45 5 o A AT DA K Hb TR Ak, BET, 4R T — R B Wy B AR, BEFRATT T E
BEEHEM— A EMRENERT. A, ERRERTHESEMWEB) %,
5 J% o R O M T R BN (2) JE o R R A B R Y AR AR R B o
% BT 5ESRALE XK B2 A, e TR EREA R, 3T
AR L6 5 B A M LA Ay (R, {8 F] Pauli A1 Bethe B B A7 HHE, W HA
R £ 235 5L, W — S0 1 16 T UG8 A% 280 7 2 L AR R L ) BB, K R OB AS i
EEWEE. H T LA B B X BT R FH 948 TE B 48 9 9 A U (BR T 7EAR
FRERAL). X FRXEEMIAR, YHBIEXEEE TEaf, o IR KRS
Schwinger f45 R — 20 BIL, XA TEEK . 2R THIK . KB A8 87T
Rkt EAEETAETHRHAA SR

B 5 R 3K AL IH BT 3R U A I 2 R, X — R IR T X R 3
F1 2T BFRBEFE. SCH e T X AW R 5 8 % ) Hamilton YA I KE R, W0
R F¢ A Hamilton JE X #9578, T AR e 247 X A& IE.

XA 7 38 F T iR M Klein-Gordon J7 78 ) HLfif, LA B 4% 1 ) & Fh A T
B, R T BHE, REXN AN TERRE, —MEUTERI %EF
i FH 8 IE, 7T LA B A S W T A R, LR f L o g R S 1 3, 4 AT e A
FLIK BLAXS BT FAE IE M 4075 A R B EUR T

IO 5 o 9 7 1k, A 2 R TR B 1 L, AT AR R A e v o B A AR A0 B
75 AT LR

X SCEE R AT — R S EE () Ao dkgE. 78 E—R P, it B #2402 Hamilton
o R, ST EHEEAERKE FE ACRREREREHRTEE
R ELAE A6 () R, I DA AR 7 3K, P — L6 80 0 R 3200 & 7 L 3h ) <2 R AR Y
i

Xt TR 2 80 T i gh 22 9 SE PR BOR U, — R E TR RN . SE

R LA ;—20 BRI, ZAhBEH AN ERTHEERLE. UPFEET
5 2% 8] R B R DT I A AT RE AR BUAR K IO TR 4K, ek, T B TR R IT K B — I,
-1z FH 4y 2L WA B2 8L T SCEE (1) M #2300 ol B R LR 48— . AR SCIE 2
B AR AN AT AR 3K — i 3 BT i Ak BR AR 4 T AP B A OB 43 9 T k.

Z BT LA RE T AL A 5, R B R i T LAY 89 07 1k 2 00 0 B 0K W B E U A

1) Phys. Rev., 76, 769-789 (1949).
[1] R. P. Feynman, Phys. Rev., 76, 749 (1949). LR A (I).
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5 4 3o A 43 43 FF R T 5 2n, 7E R ) B[R] A2 4 B A (8] P, A R,
FIHRLF &Gk EF. R, EREEOESS, HRIERRELLCEERN.
HREEBHE THEFHORTF LR N ZEXE ) PELF D, &4 Bk
FX SR LS HaHEEREf F r o #2 ak. #E, P F s ik 0 806
AUAHE—E UK EN 228 L EJEMEMN IS EMZ EA (R BAE S [H
SRAHEMISRTFEMEARRETFEHX -FHRZH). MX L0 HEHFL
G, R A EERAT BN

A it Wk A B AR FBL T B9 Schrodinger 77 72 A i 25 i, Ho 45 R ]
DA B HE ) B0 AH X 6 o 7 i R A B AR F, OF HL, BRATHe A b oy 20k R it
FHIM N FRER R)E, TLLE B REE8ES B AE 47 72 0 % B oo, 57712
w5 HER LK.

2, BRTH S —MiEE EREE W E N 20, FF B 451 B
T E REAT IH A& . T 1T 2 A A R 168 I e ) A9 A LA ), IR BA R R Wik
M), XA N FRIETHFRE. HEKIEZE, HELSREEARK, 3 x4
HAERR TN <98 B R HUREl.

AERE, FRUKNBEAEL EARBTELSLSAWE (ESH T H Rk
B4R 7 T B ). SR, LT B AW RE LT A B R
K [ T o V) W 5 B T R, TS R AR, 5 Pauli Ml Bethe #2 Hi (95 AR
MR LT U FESRARE (45 R 2B EIE/A), A, XS
LR R 7/ BB 9 B W -

12 B AL far B AL 2 R, X BT A S R AR T LB ) W B R AR BR.
45 B 5 Schwinger 45 25 M, J5 3 1% A B B b 4 A Uk 8 H F . Schwinger
J5 k2, A A AR R T R AR R R AT A AR IE I S AT M (E E A, B SEE AR
MREXPHENEZE KRR TXEERSRERM VI T iEZELX
. A—7 W, 2 P50 2 B A 2R AL 46 sR 30 T X B9 o BOR 2 T . (B2,
A—FpHERZ, B ATRAK, I B, MEEEHXEIBIERMBT ARE. 3
EXF T EEH LR & REFEEITR S S RHA S, Ml LR S
b7 PR S SR B R . R I, B R AR TE BWS A T T S BIA S
MYEB R BAWT T IEERBHELTE B0, HEFERLTIEHH
EEER LRARMKS AWER. A, ER& TR NEPHER T —Fh5E

2] RFEL MY FITIEXNMEIE, 2 F R. P. Feynman, Phys. Rev., T4, 939 (1948),
WIEFRER (A).

(3] XA B MR/ KGR, ATE T X 4R Bl R. P. Feynman, Phys. Rev., T4,
1430 (1948). M JEFRE A (B).

[4] J. Schwinger, Phys. Rev., T4, 1439 (1948), Phys. Rev., T5, 651 (1949). iX 5 #r P 1 i
Bt F. J. Dyson 24 i P. R. 75, 486 (1949).




A3 BFRINFHNNEHESE <171 -

B FORG S8 B9 7 ¥ T R L AR R EE R B
PRk JRATT AT LSS A e 0y 3 U6 A A 4, i AR AVT A — A RE B 57 B9 52 B

2
. AR, BB TERI T Wi AR SR S — RS UE T % B Y T 7 8 o 1 4

o, AT, TS A RIS AT A R TR AR ) S 92
. 5, AT L, A 5 G0 H 3h o 0 4 A A
0 B . AT 2R R S (b AT Dyson™l) f P 4~
i 1.

SO B % B BRI 7 BUAC Y T I 1 S R o A T B
F 412 ) Lagrange T2 2638 5 55 0t 50 1% 360 T 5 0 5 3 T B BLAM B
(AR5 % Sk (5] 565 13 45 FRHER B0 TCRE). 26 08 B8 T H38 15 FF 0 2635 58,
BT, T RSB ) AT H, R M O BB B AR OIS IE. SR A
Rz 4, B3 FUA A RIXE 36 Schrodinger 778 B T A SE41 M40 8 T
Lagrange 77 #%. TJ&, B M Dirac Jr B AN = A M Z R EMLMBE. EH
R IR (1), B MR RS b R T IR, BT S
WA R. B, GO T R L L. B R S A
SR (Bl 7 3 R 40 4 5, 3L T S 2R M S, 36
W | P4 B, B4 263 T AR BB ). B A (5 Lagrange 773, B4
AR AR R A, 5 R R R T A A B BT, B A A,
A S 57— T, A8 BP0 R 75 6 8, L B 7 5 A1 S o
47,

S 1 26 M T B2 7 ¥ x4 A T B P 44 th T Kolein-
Gordon J7 1 3 107 [ HEA HURE T 2550 B 40 1 T 3080 ) o P
S5 o 1 DL 60 I

S50 Lo, 06T T A PR SR L .5, R ) 835 0 . 7,
40 7 9 T 1% 1) Hamilbon T 5% 5 5 B 0 F 00 45 W 4 B 25 0.5 4 H
Be L, 55— R B L 2 B

1. 5 Hamilton 7% LL &

AT LA A Ao 45 A I LA R T L SOR B SE HLB . — R R A A
PER (Maxwell J5 #2); 55— Fft 2 4 2 A B — < B 185 ) A HL i 2 [ ) BB AH B

[5] R. P. Feynman, Rev. Mod. Phys., 20, 367 (1948). %I By 3h 3 2% & 5 B & th H. J.
Groenewold 41 i (Y. Koninklijke Nederlandsche Akademia van Weteschappen. Proceedings
Vol. LII, 3 (226) 1949.
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YR (&} E #ER T) (Lienard #1 Wiechert f#). & — WA 86 F BOLIE
F, 7 5 W I b B T A A LR . XS IRECOR SE A, BRI 2 RO IR R T
A [R] —Fof 380RE . 355 P YR R K X 4 st R 4 S A A B B TR B (] R 't 7= A N
W 55—, YA FRE R M MEN (GEE eS8 3ER), BUWAAR
KREH. BAXEARS X4 EMB YR, B A R TR H58F1
12 Bl R A0 e R B A G, LB I A T () A 43 B A T 2 R B AR LA A
FEL W b U, S A AL A LSS 0 [R) B, SR FH 3% W BE D 52, T AE B VR A R
S8 BB G T Y A AR B . A SO SR R A ELAE R AR, SRR B AT
ABERAE, FEEZHITE, HREFENET mHE iR Eh, EEMN
T A2 H B R

Hamilton 77 % A RE AR 4 b 38 7~ AH B8 — <& BE B 1 B fif 22 8] B B 8 VE H,
R ZAE 2R VE . Hamilton J7 ¥ 7T LA B — /N4 & B9 BLIR #3819 K k.
HOMENZ RN TEEEGHE WA IR XS 2B T — B
. SR, #BLF )AH B AR A R o #E R A B AR R SEFL M, WAL T ki
18 3 B BLAR R AN T BB T 5 R SR B, AT 0 28 S R T 3 25 2 Bl A AH B4
HE, EFREA TR RMZ 3. 2R 7E Hamilton B3I 1%, bR T ZRAE
BFRENZHZIABERFEQRHEAFFEZZHER GRT LR K1E,
PLEER R T 1 02 3 15 00, DA T B 58 L R R 47 K. W A Hamilton & 8
8 AT 328 FH 35 O A5 T A 2 A B A A VA

V2 @b, Bl fER 7 B i, RATHEA RO EHHNHHI LS
IR BT AU A 56 0 75 ol 488 300 ] 4 5 — B B 2 B BT 28 B, DA Bt 72 an il JA
— ™ B B o B 55— PR X A B AR R X RS A R K M F A L X F
X IRATTAT LUAR 25 5 45 3 78 X B i (] ob (15 8L X TRk, HOad AR Y
VE— ARk EZS 545 206, B> T R 18 19 Moller A8 B F F4E B 52 BR b
A HAEAE X i 9 Rutherford 28 3 & 44, %W@ﬁ&ﬁ%%@ﬁﬁ%ﬁ@]ﬁﬁ%ﬁﬁ

B THERNBAEEREENAE % M E VEFR Y Schrodinger 77 &
HauB%. EMET, 5 # 00 AR RPN §9, B T Hamilton 7 1A% B
WA B, T 7E AT % BOAE IS I B0 F, A AR R HER 9, B T Hamilton 77 35
HH 24 B

TN i 30 7 R A, T R S A L SR O B R o R o AR A
LR A RS2, FoATT 4 N, T AR 3 A AR Y A L R R R A R £
RS

HETT, A R AR R & W 9. 77 B9 Hamilton JE KT LA “H A

[6] iX & Heisenberg S % [ B 16 (K WL 5.
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K — BRSO e SRR ELIR X T 32 30 S ) UL 2 B, i
— RS A A R R A 0, R TN 2 o R I 9 = L SRR, R R WK B
B 1] 44 SR — B 19, 119 Hamilton 75 2 R 7 60 77 2% 38— 3o 2 9 0
fl. SR, H A 76 E A e 25 AR R P AR D, i I R E B M. Mo
Hamilton 77 3, #F 3 At 71 2 07 LUk 11 4R 345 2 R 3K.

T4, BT it BFFEBERT Coulomb [(12) 3] 4T 4E i 9 46 4 3 B T £
Schrédinger 77 i M B W1 3 B0 B 5. M R ATEBOX AN . A IE SR AT
e PR B T (AR X B R B, 78 1t o 3 ) 2 s 0 — R A R [(0)
o

2. B ZEMEEER

RINEAXE 1) WHFEMICSERARFE R TFROMEEIERN. HE%E
Schrodinger 77 % (SCE I H#7 (1) ) Frifiid M AEAEXT I 1H 0. 45 % B 21 /9 % R
BORBRLT LA @0 M p B BREL Y (0, @0, 1). TR 2 K(Ta, T, t; T, @), 1)
Fn t B @, BRLT o, 75 ¢ S 23K ., T ¢ N 7E o) BB F b 7E ¢ B 2 2
ik oz, MIRIE HHFEBHMN, BEMEEZIEM, W

K (x4, b, t; 20, 2}, t') = Koa(Za, t; x5, 1) Kos (s, t; 23, 1)

K Koo BT o HHRH Ko BREC FERXMFER T, BRBATATLLE L—4
KT K &, X T, BT o f b MR ¢ ATEME. (¢ wWE—H). Flin

Ko(3,4;1,2) = Koa(3,1)Kos(4,2) (1)

AAARB T o 78 t) 2T @1, B ts B 23] o3 40, TR F b H to BT 2%
xz LB ty B2 R x4 AR IE.

LR FHFEMEERN, RAEE 6 S5t ZE UK t3 5 t4 ZEMHEE/EH
HFE, A RERS A E X K (3,4;1,2). TEHEMY RS P F AR i,
XA EHER RO, FrARINTEAEERE. A, BEE G 5t UK
t3 5 tq ZIBA] DL Z B AH ELAE RN X T 36 Br a8, X R E, ez &
B Bf 1) (6] B £ — ¢ 0 g — to, DABSCT 76 S A BREIE, AH B4R R A6 2800 A X AR /.
Bl 0, 7E U ) R, TR AR A T &R F A W I 2 FF, DABHE X B s A
HAERIAT LA Z 0. oAb, BERE to wT LA i 7E 2 6% < 5 [R] ] B P4 AR A7 # F 2 AE 4k
R, i 8] 6] bR 2 A IF 8 FIAR T AR 25 0T LA Z ISR 1. B R AT T ¢ B i
FRAR AT LR U B R E S, BT LA BE — i B i B T &, (o A AR AL, AT
BAZHEB VR, 5 ABEX AT, W 5 BF 580 0 6 4 59 H8 54E FH AR
F, X2 B A hH BE — 2 B B A S 4 0 4 oF [R) B R T BB AR AR B 7 R X, B
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PAY oy £ ag B, B8t = t; RRAZNN. ELBTERNOEZRTFEIHS
B0 5 Ze G54, S0 b R L X — T DL A0 TR A SR R B ) S R R T
N 388 4 AR . 00 SR 3R AT AT LA AR AR KC(3,4;1,2) R, WA BAE
TR 2AL 3 8 32k 33 /A L AR A 45 R :

% T B 00T AR K, B SR AR AR /R F 2 H Coulomb 3 67 4 i
(9, Horb r RRLT A AOREBS. 405 M A R R AE to B 2R — BURAE Y
B ] Ato PR F, T AT LAKS B 030 11 (3, 4;1,2) M— B 1F, B SC 25 1 o
i (9) 2B BEHE S BB AR T TR

K1) (3,4;1,2) = —ie? / Koa(3,5)Kob(4,6)rss
x Koa(5, 1)Ko (6, 2)d>zsd3ze Ato

H ts =tg = to. MAHAELMWETREMEH (TR, BRI ta=ts UKt =to,
B BER K BA € ), H—R3 N A] LA to MRS, HaiEdH—
A~ & BREK 6(ts — te) LABAIRIN 2 t5 = te A A TTMK, W h ] LLE JAT t5 F1 te #B
By, B, HEERE—RBN R (¥ ts — te ILH tse6)

K)(3,4;1,2) = —ie? / Koa(3,5)Kob(4,6)r5s
X&(tsG)K()a(S, I)Kgb(G, 2)dT5dT6

(2)

H dr = d3zdt.

SR, FRATHE, 764 3L 3h f1 2% ) Coulomb #A & BRAF1E A, i 2 #ER
—/NEF[E] 156, X HEBOLE K 1 WAL XA, £ (2) X HER M
756 0(tse — rs56) HIB T HRAREE roglo(tse) LA b Xt a (94E F B9 HE3R 25050

EHEAOEERRTSERNT, BR, YHETFRRME/ERM, BT 24
EHAIERR, M 6(tse — m56) A9 Fourier 28 ¥t & WA 47 5 A9 3 £, % H
0+ (tse — m56) ZRBE. XNMFFWEH LR

0o ax =]
d0p(z) = /; e‘i“”d?w = lim () = 0(x) + (n:m) (3)
XEY r o, (—tse —156) — BV, GE Y ts < te BHHHBL, FEMBT o £5
BEF, 0 RKET AR

Lise—r) +64(~t =) = 8@ — 1)

(7] EFIZERR o XF b BB BT —FE, FE LMK FR T &5 BOE o 2688 50 M2 #E R 5
HRHEEHAGER EL0 L E5RANRHEOSAE T PO RRNEH. (S
& A, 3¢ J. A. Wheeler #l R. P. Feynman Rev. Mod. Phys. 17, 157 (1945)), £ & F /120
AELEER, HEWRE SHERN T TR X B TS iR 8.

T — i€
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X RERE 156 0(tse) B 04 (s26) FTBUR, Hoh s = td; — rde A1 5 R 6 Z )
HE X 2 (6] B - 5. R R 22 M R B 0 2 rh A Sl R B B AR, BT
EBAMHEAERRR [1 - (vs - v6)|0+(s%6), 2/ A (1) X, SEEMMNRHLTF,

1-aq- ab)6+ (526) & ﬁaﬁb')’an'}'bu‘h— (526)

B b B F iR A\ Dirac J5 #2

K(W1(3,4;1,2)

= —i 2/ K 2 (4)
e S 0E +a(3,5)K15(4,6)YauYou X 64(856)K+a(5, 1) K 45(6, 2)drsd7s
H.H Dirac FFF vap My, - HIVEFFERRLT o BT b BT RIBER | (48
HF Bufe WM Ky WIEXHFT, ZE 19 (17) R).
XRBMNWEI N FEEATE EHETRIBFZEZHR—-RFH
B (HBR e ) —RIN). ERAEN - EFIERINEBEE HER B FZ
8] 32 BB A B 2N B, B 5 H B BRI A B AR N A . SXOE R AR G
LB S F S5 R, MIXHE R AR M R RE . R RATIXS o SR, B LA B sk
Pe — & BB R LUAH R B X FR 9 O X HE K T

B BAMEAEM (4 X EWABFZEZR T

BAE, AERNES HBHmey R (4. ETLUERN (B8
Bl 1) a BiF iR 1 BB 3, T bR F il 2 BF A 4 M —RIRIE, XREE R
EMNTURHR—IBF. TR BEFALIEIAS (B K.(51) RiF—1 &
T B, B SARRE v,.,), RJ5EATHE ) A 3(K(3,5)). HiE, bk 3
R 6(K4(6,2)), MUUZR T (), FHEIE M 4(K4(6,4)). T XA & F 1 5 3
R 6 B IRIE 04 (sde). LAUXF B A W] RE A B F AL 1 DA B R 5 5 Ak 6 i fr
AN E SR, SCBR B, W2R s > te, YL o WRURKTT b R ST WA M. HE, Kb
FEEXEHNE, B XEXHEB A O EE (4) KA.
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WREBEFRFEWER TUEE S WEHMBETNSGEELEF (BMHEE
FA SR F X Z [BIVE ) AT, J5 T, AT 67k m LUl 8. e S CE
W R MGE F R TR 1 PR TS 1 k.

2% 8 Pauli JREES, AR (4) 115 B B B IEREA Z 18] A9 BRI 46 4 ot
215 3| B~ F ) Moler BET.

H, 7 2 () 5 AH LA FH B, 25 R {] 3 R O A 2 DR Y O ik 5 L T G A
YERIBS B 07 3 (1) 2522 E /. Blan, Xt F A s RERIE K(3,4;1,2) -
K(4,3;1,2), BRI Ak ) 4 3 MK 4 iR AP RS FARALE BAHEER
¥, Bhabha i i6 #9 H F 5 IE B F 80U B9 T 8 800 B X A =X ] B 8ok 15 /).
FASCEE (1) BT 0 7 ok il B ax e A X, s el LA B8 F F IE B F.

HABRMNFEH REBEFHRIE FURMNAERSPEEELET
o R AT BRI AT, RERRA M T A ROTMWET. E
Tkl At R, IS B R — R, RAEB AT AL ET
o RELPHEAERE FRXB—4&, UDRE—-EFEA. G, -8 F
A 1 HEE 2, RR—TRE (1B %SHIH—4k) K cuexp(—ik - z) = Cu(z) B
BFHIRIEEZH C3) & AG) MHBHMEER I+ (13) R). 81 &
FHMEEEH—K (BEHFERK). NSELF - BFHRE FSHBBRI
d (14) RIRKERI TN, BF A 1500 T #80] LAA % 8 b (a2 T & F 19 Bose &3t 4
HHIME— B0 R R R SR E. MRENSPE I L2FEETF, XA S
AR B 2 5 4 T X4 RS A [ B AL ER B 1/ 5 CRASZEAM).

3. HeEl&A

A T RR— N LA B A B R, AT AR LB KR AT B AR
AT PR e FELe 1 BT, B RS R A9 P B o T DA% B SCEE T, S EATE AL

(8] REH (4) AFFEHMREIATHEFHEEH, HLFEXIFARELR
fil. i@ REFLRTFHERMUKTEZ R, EE E—THASRLE T, AR
FHRAUEFEREEN @, EMNAHEQOR HFELPRE). Hit, Z#XHHRE S, X
BR#HRRTL2N, HS5BENMABREME. 5 20T LIHEH Einstein R A 5
BRZEIWRAR. RITHELEHXEFAHXITREAXMELHANERES. TLF

B, BBBIE () RET IR H A,(5) = € f K4(4,6)04 (s26)vuK+(6,2)d7e Xf o HI1EH

KM)(3,1) = i/ K1 (3,5)A(5)K 4 (5, 1)drs, T # Au(5) & Maxwell 7 #2 —[2A, = 4, HIf#,
HAW ju(6) = K4 (4,6)7,K4(6,2) A M 2 MBI 4o B FAER. X2EHT 6 W
T

—B64 (s31) = 4n8(2, 1) (5)
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B— BT EE-ITBERFES-INEEESH - HTFEREYERT—F™
ERER). TR XXEFZRMNHEAEASRES -1 HFRE S/ERB
A B AE X 97 A 19

X i okE B AR R BB IR A A% 0. A TG H At o B X, % R — AN
HBEW—% 2 ERH. BB FhA 124 2 MR K2,1) 5 K (2,1) M2
EME e ik —% 2

KiP2,1) = —162/ K1 (2,4)7.K+(4,3)7,K+(3,1)dr3drs04 (s33)  (6)

ERMEHRAERA THFARMAA 1| BEHIG 2, ME (WA 2) £l A
3(K4(3,1), BH— BT (v,) JF, WIHEBIA 4K, (4,3), BRKR—&T
(), BB BB 2(K4(2,4)). XA RFUHM A 3 BB 404 (s3s)).

K2 BF5HSHMEIEM, I (6) X

THEEE KO@2,1) 5AHEFHEEBRHXRR BEFHRZ G, F—8
FaTFE F(1), FAA f(1) & B BB F Dirac 77 B K — P IEEMR. £ —KE
6] (t2 —t1) ZJ5, AU T B PR &K, I T HKE 352 PR B0 LR B BB T 10 B
n(GERR ERAE ), BAEXE TS (21) XBHETREEE 9(2) WRIE. FHik,
AT (9= f) &

/ FQ)BKD (2,1)f(1)d 21, (7)

B ] (] B T = (b2 — t1) (A RE R B H AR V) ARG RK, B X
8 R K AR TR, (ST B4 o i A B FE 0 4 00) 0O R PR, 491
wn, WATBA G LA BRI FE o ZATA SR, T XAE ty ZJ5 7 IE % H BT
W WY BT

[9] X4 B EHERKAIR I A Wheeler Fll R. P. Feynman (Rev. Mod. Phys. 17,
157 (1945)) R FHFAEM T B S KW, BENTR 2 B+ B 3 ) % 10 i 2h 59 B4

(10 ZE3CHR 5 FEL#AT TIHE. ER N, HHHEE BER, NERKHBERKE
HEAPE.
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#18 (6) Xy KW (2,1) RA (7) X, WHRAESCE T gt (22) At e
M AREE, AT L#EAT R AR 15

—ie? / F@) K (4,37, £ (3)64 (52 dadrs (8)

2 f(1) = vexp(—ip-z) N FHE B, K p, EH TFHRER p, MBE (p* =m?),u
A 4 MR IC S, BUE N W R W (8) AR AL

—ie? [ [ (@4 4,3y, explip - (24 = 20))84 (5% )dradry

oy X A 2 AR Vv FIEtE B R 7. A Ki(4,3) RS54 4 fls 3 bR
Ta3, AR, BT AN & 4 R SR (B T ERIIXEERmELZIM 548 3 k.
B, % 3 MRS RE VT B%. BN REE 15—k R S0 AR, fr LA
BS5V RIEK. HFEAHIA—AER vV, MERRS T %IE K. 3 1E W pr
BURH, BB XA S RE B AE AE 4, W ¢, B2k f B3RSk —
Bl F exp(—iAE(t: —t1)), LB ZE —i(AE)T W—%. FTLUAE

AB = ¢ [ (@K (4, 3) explip - 21a)b (s3s)dry (9)

By Ko 2RI 25 dry. SLZ0A] LUK bR 4. 7R R (9) Ui, RATEAF 1M
Wy AR 5 28 o B0 — Ak K

(u'u) = (Uyau) =1

R, AT LR 220 S O (AE) (@yau) TSRS H—T K, RE, R tyu =

%('Eu) Bl & mAm = EAE, Tl 7205 1 Am(au), 5o Am 2% 4691 T 5

RS X ADRA P, XA R B R,
FH, Al RBSE TR FRESSIMRER. 7 8) X, RiH

EAERT 0% V = 55 ha T OmmERT K RET K, BT

REMRNERHRBRET f. 48 AE —BARLH, HEREAN, H1E
exp(—1AET) w7 Az — > B B[] 8 %50 =X 32 s 1) B 0. 3% 2 el T R ATT B R 19 2,
P IIEF RS IR FAERE T LLUSITE T 4R 8. a0 58 5 T Br &b i 745
] BEAE S, U b e 0 0 B (8] SR VL. AR, AE BB SE A4 IER R
FFABHOMEE S TFEEUENTAHEF, EEZ.

FEAEAR T I8 X 3K, BB AE B3R IA K, Bethe B 23] T 1x — [,
TEARXT SR XI, (A3 4 FS 3 E—&E, 2 ZMHEE— Compton ) I3
VO —%, WU K, i E7EScEE 1(13) R eh g K (2,1) RERER
(8) H B K. BORE, A ) A 5 T TTHE I 00 6 6 5 T I A .

[11] H. A. Bethe, Phys. Rev. T2, 339 (1947).
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4. HEMEEZTEFHRENX

9) AW, UREXSEES KA KM EERNEREX, Az
BERTRITAZELANZSZRIT ARG L. Bk, TE 6,(s3,) i Fourier
7 4

—04(s3;) =n""! / exp(—ik - z91)k~2dk (10)

A (3) XM (5) XM, Tl XFEI S 32) X, BFEEII m2 =0/
I.(2,1) BEJESCEE T (34) A 6, (s3,) MR E]. HP k2 HWERE (k-k)1, 5
FHEHRYIHUL, ER e — 0B (k-k+ie)~! MR, d*k %FF (2x) ~2dk;dkedksdky.
R FRFT R AR, W IRATAT LA E — A 50 800 AT L 48R i
F 1 o B AR A — > T PR /N 4 £ R O A D BT A A R A ] AL

NI SEEE R, A BE (9) 2% P

;—21 Yu (B — & — m)yk2d% (11)

TE u Fluw Z A M T, EXNEMA T Ky B Fourier Z8#:X (I 31) K). A
ErX—IEX 9) XFEHITHH.

A LA R U R AR AR R B AR . R (B 3) — 1B N p ME T
WP —TENEWRTF (), REUSIE (p—k) Wi (BT (p—k-m)™), H
AT -4 EXRBRTXNITRT (A1) BTHEBTRL? (B8

B3 —AfTFREER. shiEzmE, (1) X

2
BFA—NETF =) MIARTFRS. SiikH p B FREETR 1/ (r-m),

HIFEHE, XH A2 Dirac T REMFSE R, RIEZMIL TR FEET
ALk T 2 1/k%, EREH B 7R d' Alembert B 47 A3 BAF. Sk —4> 4, R
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A RS, T8 A v, BB, 2415 45 I 6 8 T L B, 7€ Dirac
5 R o 2R B4 B 15 3 A4 T

o R AT py, T 7 30 Bk 2 ) 0 A0 B A 0 R A, % BB R 25 o
8 aexp(—iq-z) RAMBHE A = Ay, FEBE. RN g = puov, WS
TR gy = g+ g 9. BRERE o 76 1 5 2 4 2 6 R T
FERATE R th TS — R TR — G (2 ) TR E A LA
BB SRR A — Bt . S — RN 4(a) R, KERE N

e? 1 1 1

w) Mk —m)  r—k—m) B

d*k (12)

EXMBELT, §EMBFEFT-IHBERLHNET (1), AF B THEA

it p— b, HLUET —— i SR T WSS (o JEHE) WA, 30

1 g, )5 LB T y; {645, HERKF— BT (7). XA RT %5
2

—k—-m
LR BIRU (k—2), RATE X Ar A & 784 (d%k), FEXTHR4b p KA. [T LUEBA
Xt kg RS RWERMET B PRI —IRRA H W (16) F1 (17) 3K, H 450
3 B B R (12) AR ARG BE %

I~F
b1
7;4 k
K
Tu
P
(a) (12) R (b) (13) R (c) (14) R

B4 SATRESEIE ShREZMR

F—IWR, R SRR T #R R A A U Z R, MARE] (B 4(b))

e? 1 1 i
?n‘i/“yl—m”‘m—k—mm‘ﬁd k (13)

[12] 3% BT UL i <8 S « K S5 SF AR B IE B B [R) P, i R R TR R Y
UK. BB A M UG, R 7 3Rk X v A B RO
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o SRR A RO 2 R, WA (B 4(c))
e2 1 1 1
e T L (14)
A 3 ST,

RAITE SR T B R MRS P A A SR TF O ERLT
AT (B E % EH 0 —4k). B4, % & Compton 25 (B 5(a)), —
AT py BHETFRE— BN ¢, B e, BT, FREATHM
B e, = o1, RIEXEHHBNY —go, BRI e2 WE BT, KEHEN
po BIRA. XATBMEMR /s— o1, T4, Compton B 9 455
M;% ?1 -+ ql =y

1 1
£1
p1+4qg2—m

£t £ (15)

£2
¥t+q1—m

5 Compton ﬁﬁ‘]’, (15) 54

BRIRE g0 WWATRBTERIK 0 ZATR S (B 5(b)). BUXANEMEFERI R B F
& (1 +q =p2 — q) ZEABERETT, €57 Klein- R AR, HWHEKFBRES
HIER B FERFAHHITBETELE, ALIERTE p KB E 57 E R
B BFRBBGERZS, XBORT g B E 82 EE 2.

5. [ BF it B8

EMELBEHEK, XEREAARTRELER TR 2N EA Hik,
Hpr 2 FREABXK. filn, 58 8 aEREK (9) 5 (11) SR KM
SR RUR, XFILRARETF Ki(4,3) M 6,(s%;) T 6 MBFRBEHES.
HREMTRXA, AHALERFESE 3%, MARMLUBERBERE
5 HhFRE

RINITHEER R TR A% XEUT ERXE A D2 b sh /120
B EARREATAERERRD LN (sT,) B f(sh,) 0B, K f(z) 2
G341 % T 3L ) R 4R
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FE& FE e B B A B ERH— 18 R f(s?) ZREERF
HEMEEAER P HBE 64 (s?). AT LIBE, IR L8 f(s,) B9 Fourier A8
¥ & F(k?) exp(—ik - z12)d*k X FFA k B4, W £, (s?) B Fourier ZE # & [F]
FER BRBAE to >ty B RXFIES ky BAAY, 7E to < & B XS0 ko B, X5
54 (s%) M1 6(s?) IR FRAELL ATLAIERE f(s?) = f(z-z) BR*

1 = .
flz~x) = 5 /k4=0/31n(k4|1:4|) -cos(K - x)dksd®Kg(k - k)
Hep g(k-k) J& k' TLIRFH B, I HXFFIE ks AR ERR N (4 (16) RK)

¢#>=waw%—aw?—vnaumx

oo /°° GOV =1, 3 H G AAES m HBRKM X\ 4, XREEE, ik
0
W k BT RS T R

—F,(k?) = %/0 <% - ﬁ) G(N)dA
TR A 1/k2. 5H, B Py (k) = — 5 C (), (A

ﬁnﬁﬁ=%/wmdhmﬂ$aﬁm% (16)

R, xR FRORS (BEREGEEET d*k/k?) 3 £ T - SHE
¥ O(k). 2
C(k?) = /0 - g G (a7)
WA E XA K2 +i6 FRBF K2, 2 6 — 0 BFAORPR. BDAT LA A2 5 — R/
4 7 i .
PREL fy(sTp) TEOLHE BT LIA A ESE M {E. X A% W Dirac #F. 2R,
Xt F 3 & Klein-Gordon FF IR T, M E/ERHBE TEHBE, & f EAE
ek, XA SRS 6 R f 7 EMERB AR ESENFFRE

FY K2 BT ERAR 20K &TE. H GO BERXANZMER
/ T X2G)d = 0 (18)
0

FEIT I8 B2 AL AR 43 B9 W Sl ik B, 3 2 I P X — 2R A
« 1 A (16) NATH X F 4 H XA KRR ERIEH K.
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BAE, HREAE R A REXE

e2

i}
Vg~ E—m “&E d4kc(k2) (19)
HH Ck?) BELE 1/k2 FTHEA—FER, BT ERBRSSk. B TEMH, UER
MR C(k?) #EiE —N2/(K?* — 2?), X EKE, UG AT AR LT A M3 (F

ﬁﬂiGWM)@%Eﬁﬁﬁﬁ%i@ﬂﬁ%%%&%%%ﬁp_;ﬂn

MRFH, AgEFEZFRTFHOSIR, FTLA, o A8 BT A W A WSE F X 2k
Baralesh. mH, iAXESBENSERBEEERNIFERFEN BT T
WA BEENSE EXfdRS, RBEFIHRNBSMAREFHE
B K ).

ERS (19) 1, RA C(k2) = —X2/(k2 - 22), HEE PP =m2 A >m, F
&£ m/ ) BEHT, B3 (SEMHRA)

Zn(eded) (209w

HNATHERN p, R pu=mu KB TR, XS HREERZE (W B9)
X)) K

e? A3
Am = mﬁ(mn— Z) (21)

6. WA KRGS IE

BAE AT LA 52 526 T Hk 5t 48 818 1E 89318, BLar TR o T WS F O(k?),
B A 3T R b Wesk. (Bl T3 A LS kA, oy (12) At B
W, (EW7E B it MAREE) AR XA EMN, BEETFRANEE
Amin €< m < A. FERS (12) B
e2 1 1 1
m) V- k—m”pl—k—m"“ﬁ 3.

min

RO (R — M)

RMazE®/ SEME B) a‘w

m 20 4 .
DAL -1 l1———— tanf + —— d
<n)\min ) ( tan20> Tosels tan20/0 b ajl i

H ((12)1/2 = 2msiné, ﬁﬂ]ﬁ%ﬁ%ﬁﬁﬁ?%f’ﬁmﬁﬁlﬁyﬂ P Mps=p1+g
B R A Z (8], I Z Bk /\:n,% Y93 % BRI Hph 5KHHEFAXHTE

(22)
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ra,
9

= 1n + = 21n /\ (23)
RN ELSEFD, 55— (13) *u (14) & WG, 1A RE S ra TUAHIH.
T BT (X T/ g) 2
e 717 4q? m 3
E (é—n;(q’ﬂ = ﬂq’) =5 3_'ITL2-E (ln Amin - g)) (24)

BT RESE A S M Lamb 75, Xtik, B H A 5 40 b A R 11,
PRAE, AT BT T AT (13) A1 (14). AT LASER (13) X & BIFL 4
(EFRLL C(K?) Z2fE), A ERUEA ﬁéiﬂﬁa\ (19), ¥ HERTHEHATOE v

(F £ prur = muy). B, Eﬁ%ﬂ E?‘JE?‘IA% Am. HE MR LA E

L nen adt‘*ﬁ@]iﬁl‘ﬁjc&ﬁ**% (B pf = m?). 487, 3% 2
i 1

%El:ﬁﬁﬁils}@]é@. @ﬁ&ﬁ%ﬁﬂfﬁﬁ?’ﬂ#ﬂ—IUZiﬁﬁﬂlﬁﬂﬁﬁ%FJfl«liXﬂ‘
SRES 1 PR TREREZL B, ERERE AR, RERE (3] AE
H—%) —iAEt, o ¢ RAERRE, ERTREY. B aY 3 B8 w25 &
AR Am R AR

A% B0 AT LA T iR 05 S A, RAEGR, B F BT BN o ZHASE
FoPR K oAt T B BARA, TR 7E S 180 49 £ 80 B 8 b BTt WREAT
HERFHHE Am B9 300 7078 P U0 FF A9 U 2 18] B2 58 5 — 1 7 B9 2808z,
BRI RERAEBEARY, HEMNMZRHEN. H b3 o KHIEHEM
JE o R R

a(p’ —m) 'k (25)

Hrp, aTREERT p/ B (BORTF AR RAATT). & b 5 2 ZEHEEK, fE&
JUFRT LA E, W p? REGE m?.
AWy LB BT AR B R Am XPAERE (25) BORUNL. HE BT A RN
e2

a(p’ —m) Ty — k—m)7 (e’ — m) "ok T?d kC (k?) (26)

(13] B 1 (19) R H L5 R R HE IR, V. F. Weisskopf 1 J. B. French ¥ 7EFA A @ {5 X
A AEE 4 L X . RAE 1048 4, Mf] 5 4E F R BT 58 A TS5 R 5 R, French
B, R TCR U I RE R B (18) B (24) KA LR IEH A9, EXF B 5 Bethe I
*Exﬁﬁ**%%?é?ﬁ%fm‘m s UERA T, A 2 BT 6 T B 56 R In Zbimax ~ 1= In Ao S IV

13 mzkmax—— In Amin. X1 BAE B(19) 2% % 2 fm— lﬁ-— FREHRS5J. B.
French 1 V. F. Weisskopf [ # —%{(, Phys. Rev. 75, 1240 (1949) DA &z N. H. Kroll #1 W. E.

Lamb, Phys. Rev. 75,3881 (1949). {E & B iR/ 3], EHF N X B FREXMERMER T B
MK K H#E R & 3 French 945 R — 37 35, X MM R — 18 24 19 UL BA.
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[[0)5i8- & 204 dVLIREPS)
a(@ —m) 1Am(p’ —m) 'k (27)

AN 2 (26)—(27) BRICHB. FEATX A H R — AR 5E M 7 Bk K (26) Xt
kRBAERE 1) R, Hb Am i 21) RKAH. B TFHRTURSR N —r)?
e LL LR | (25)

—r(p?)a(p’ —m)b (28)

1 (25) R (1 f %r(p'z)) & A (1 2 %r(p’2)> B 4 5 b LB B

SR (FIX—®). TR, EHERT, % p? — m? B x4 0% 80 2 %ra,
Hof o B p? - m? B r(p?) MR (B F4 B IS 1), 155 (23) R
il 0 2 RAR . MO — KT BB (14) BUR MR BRE, T2, (22)
KA ra THHEN T
R E B, WAL FEAE S ¢ =0 8, (12) REEK R r 15
B: 814 p £ ¢ HHEKEN m 5R, B, & p? = m2(1+¢?, WA
p=0+¢ep BRINB e B/, KAR T B%, XB T RES o F1 b Z 8 KR
. EH (@ —m)~! = @' +m)/(p? — m?) ~ (& + m)/2m?, BT LA (25) K2 e
| T HR%, RATEHHE Y e — 0B, (UNBIH B SR RE ) WBE. 5
Am HEER (19), (27) TAT LLE RS 04
e? 1 1 1 1
el

) —mt—k—m "ty -

d*kC(k?)

[14] INMREXARNREHE, BRI p EHF LU RF v S, H (19) R
PR R Am A BERSL. RTTiRER

g e 1

7 -m p'—m
B EET A1+ +m|@ —m)[Q + )p + mp(2e + €2)~2 - m—2. HH p2 = m2, F
PE—m)=-m@E—m)=F—-my, TREBMELH 4@ —m)b/4m?, K& 1/¢ BEIT
BT/, BT LATE X — 4% BR T 2 B LR .

¥
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BRI, T A~ J0E B 4 45 2R DL )

e 1 I: 1 1 B 2
ni/ap’—m%y—}c—meyﬁ—}c—m 7“p’—mbk2d peiea

RAEXTR 1/e BK (AN 1/(p' — m) ~ (7 + m)/2m2e), B, X &7 Ak R
TRRERBT. 5 (28) M HLE, Sl r HRERX

I’1+m

/ g k e m ;_ ,‘Ez—d“kC(kz) (29)

XA LUEEITE, BAES5S (12) ZEMRF, A3 q¢=0 HH
/mRET a. Hik, ENGERN r- (z1/m). YEEATE v B8 r (H
H prur = muy). B FREEEM, (29) X+ (1 +m)/2m TEHT 1, T2, RFE
T T (23) Ay —r M6,

EMN—TBHEFHERNES RN B P, FRERBETR Q% T HA
if A2 0 HE & S R R s R B, BT R R SR RER BT e, BT
DL E BN &k 5R (23), I BT B X434 0] S AR B BT i B X So & E 4k AL 4.

FE 33X A X HC B 58 5B IE [R) R e, e i SR X AR T R R U . X R
TE AR 43 B 45 T fi B b BB LAHE S, {8 AT DL 58 4ok A AW SR T (il 4,
B F Levis!'™). F it &b 677 2 A 18] B3, 2 o0 7 18 7 44y e P e &% PR 7, B 5
Fr b X Sl B FH A HE, IS Fhu B SR e — 5, 8T H
F 77 1 B HE Ho At & 00 B A SR B4 R B AN IR

B 5ZMEBRELITERENNEH (16) f (17) FAHB f. ZRFE
op. ELHARIRT, R 6, BT (B o) Ao MR BE, ZHAMH2%RE s,
B 1/nis?? FEX B, AT A8 (FEHE (17) XA A6 E i) BAE

5] RINC &0 T T 0% EIF A HERBAF A, B B), 1% — %

4 —1—131+BB+ ......

ANDE AT AT AL AR AT
S A=pg—K-mB=yp —p=cp ABFT : F
¥ —k—m
1
yF—K-m

IE=3

(16) ¥ HEAHLF BRI S, B FREIEAT 14) 5 (15) XA R (29) BIFif,
MREX AN FRIE X, K EEF g1 /m B mys /B, P B = pru(p=4). B, B4
518

(7’1 +m) mys mys  (p1—m)
2m E1 ® e —rdp= E, 2m

(T pr1vs + vap1 = 2E1) AR v = muy, BHR R ra.

[17] H. W. Lewis, Phys. Rev., 73, 173 (1948).
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B, T EJLPHERAEMK. iR ETHRREE, & (8) #9EH, WL
RE f WA —FRR -, EERRTBRREES £ K, i, &
P R M A T R MR L BB R R RE DR E TRV RE R B K. X LA LR TR L
P R IE A f BB R A ERETR (SEMR A). AMTERHAE
A BBPUTF (Free BIFRS>. XA 0] B 1E 4b FHFFEZ .

B i, AT AT LA, B - 4% B 7 L 3 2 B IR B IE B9 TAR B R A58
H . (WSF T A R ) ). 7T LOER, fRIERE R PR £ WA IER
AR FAREME B PR AR XA R TR FLBO TR E
AEZ A, RERNEM T f+ WIEREACRZAMEERT I
3. ERTE A — oo RERA, BTt RER 2 0%, B A AMTSGFATLURAT
i B AR, BN A EE R R EIEMZ)E, < A — oo, 4 HEFS B IE 6 K BLE5 R
RATBAMEH XA S AR B IR, B ES ABERNRERRERE U
BB RBIMER £ BTE ARt SR 1)

7. EZRH [

e 53 M B AR SHB IE R, A — TR BCA % . A1 T LUMBRR # b n
ay exp(—igq - z), EFAE—X BN p, M —p, W T (BFEE 6). REXWH

Py

s bk

P+ Py

T
g

P

Be 25 R Ak X B R, (30) X

TR, WY g = po—pe BT, X RTFHLATE 1 608 TR 2
% 2. X REER (LR i T HE S 45 12 e B P 7 T A 78 0 0 53—
SR MR TE R
2 1 1 d:
_%'Hz’)’“ul /Sp (m e mfy#) .d4paFc(q2)a,, (30)
BB W, 37 A 0 e T B4R U IE T au, BIRY po B —pa + g BIRLT
MBI BB A, P — BT (BT ), EAEE (ﬁ% qlzcw)) 55— i Fhb

HPEEBRM (v, EFERTE 1S 2 ZREEBETT (a2y,u)). BHEFH
Frf sh B A SR RF K, XBWRE, ZIHEEHX d'p, B4
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AT LAE A, A IE T R R AR

Anj, = Jua, (31)
EMESE A B FEAMETFIR,
PIE g : 1 a4 (32)
py' P p_{_q,_m’)'v?_m'ﬁt p

M2 3R 7 X AN H 25 iR Ak 1) 38 4 A 0 &

—MRERTF M, J,, REBBREE. B 0 Bl f, 2502 X 058l
FER MR IE, (B2 TTEMHIEFRS (32) (MR BH RMRLN) & #L.

H—A~ B 5 W B T gk, AT LLEETF X AN R e, % F XA ek, AT LA
FE—~ 25 X B L R — B 28 X B 55— X, B P e R B R AT
B AR 2R A, RS, 3 32) AW S EBKEEASARY. A
DB e, RA MG H &% SEH (7] DLAL$6 14 2 WK R 5Y) 1z 3h 2K I 2% i 8% 12
BAERBRXHK. MIEHASEHER. BIMNMESAH, M TEBR R DB B F 3k
Ui, AT LU B — 5.

SR, 33X 35 L0 SRS lf 3] — 0[] 1. (A P 8 0 R B fy 2 rh A 23 R
WEBA. 5 —SaBd, b THRFERTE, ZRA X & A B, #8574
ERBEFXNHERAR 1L, E5 1 MWRERET J,, WEE. W H, WRR R
HEENEE, — B X IERE FRATEEE SR FEE LS5k
M e R, 4% RERMNEENELR L EEFXEHNS, BE R XL
WA VA RS, AR, A ELAE AR A HE 3R S 4E 4 n) BB T BB
B EH A IE N —F B . BT XA RIS, °T DA HERT, Eas Rkl
PRl SRS S R 4 25 5 f o g 1181

BHitieWAa— 1T BrEBRRLEEAERYRE K, (2,1) A EM,
MERZUAE LREFRFENBERE K. XEMIOBRENENE
FEhE BB T — sl 71O XK (32) KRBT - C(p? —
m?)C((p + q)? —m?), B AR 6(pa — po + q)d*pad®ps, pa i pp HAH UL
HHEF. REBSREH T, B RAMARASES AW ERD,

18 EHAEENE Lamb BT B ERHELUEE, MEA 20 KFAKAE
Z Wb, LI b, B SEAFFE.

(19] BRfEXT FHES 6, WA BIER £ (AMEA XN FEFHKMAET ck?)), XA
FERBFEABMECENBHARSPER 2F B.

(20) Bk (38) T T 46 69— 040, R C(k2) = — 2 BT —

1 ) |
1 (/\3 —2p% + ng) Opvs

BRI M. (55, B E E ALK -g IEIBSE o)
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AMFEBR (31) FAE, B gujp =0 W quJy = 0. AMBHHE, 5 o, B—
MEERR 0, =q BRE-THEH WRAR. LPBEM Juwe =0 BT
Juw BRI, XRME qulu =0 4. HELRIKK (32) H FH X F R
BRI, B R XA R AR E T K R R Dirac 77 2/ % —
Bl F K B, MRS R Z AR, B2 2% 5 0748 A S 63 R
HEH.

A AE R, B E#Ed (32) Xt E Juq. BT ERERXER

r+g—-m
> ) P = 2 1| ol 1 e
(o BT LB EERAL B o — . HRAH

A F X dip B4, WX PS4 R — 455, XRE NS E) p MRS
(B) p' = p+q) Mk —TAERE T R, IALFEHENTE (32) X+ H
W, B AR e, eSHE 7t b 2 B

Bethe il Pauli B 2 $8 3 T /A B 55 #0900 A A8 o4 1 8 (32) =i iy 75 1. Ot
B WL S BRF BT DA MR 45 b R B (3R 2k 0 TR R 1 A9)) A BT KON B i i &5
R AR, HRMBEF

1

1

2 2 A2
C(p _m)=“p2_m2_/\2

T
1 1

P2 — m2 —pz_mz_)\z

XY TFTHETFHERENm MAERN (AN2+m?)/2 WERZE BE RITXTE
MEAFHMHEERZENEMEBETFEERTXNE KBEXFMEE, it
i, — B FLUU—ERBE&EZE, MY LIX A RRESEERE, @A
BAMEIERH, HBAS TEME. B, FH J.,.(m?) BRMES—ER p X
B (32) i &, WA Ju.(m? + 22) BB X F— p X5, HH
(m? + 22)12 (K& m g Z &, MR 5

(p2 L m2)-lc(p2 = m2) =

T = [ Vi) = Toulon® + NG (2)
0

Hewmg GO W /Ooo G\dr =1k /Ooo GA?dA =0, TR JB, HFE

K, p MBS X S8 AT DA ZE {6 2 JO PR, B o0 IR ZE X A B A 8k, L A X A O %,
BAOMSERETREU GO) HX d\ WS (S FHHE C):

e? - H )8 am? + 2¢> 0 1
Jﬁy = _;(q;zQU = 5,,,,q2) (—§ IDEE L [ (1 e ) -~ S—)‘jI) (33)

Hrh g2 = 4m?sin? 6.
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B R q.(quq0 —¢%0u) = 0, FTLLHEAZHEZBARWN. E/EH (ERELF
%'flﬁﬁq B‘Jggﬁ) :‘F.%ﬁgﬁ (q;J,QV i p.uq )ay @4‘% q au (2\% d’Alembertla.n),

2
B, 7= . [, — (m:l—) Qs — ¢%6,) KT T — M, B KT

PRSI 2 AT A — AR LI B A R B RO, TR TE e 5K K ML 2
BT €2 + A(e?) Z I, 242 Ae?), RAMTE m AL &2 F 922, X

A(e ) .
AN A 5 U1 W S X ROR R el wat B fERL T B IEALZ G, FEX

U)W R A BN T
ERBXEFEZE, BFETE (33) PRI E T8 % 8 H SR

RO B EOERT, BRT (¢ = 0). XUMY ¢, BR 2o TR (#

I Lamb %M M XTBORE ). XEF ¢ > (2m)?, ERA Y, BHFR h TR
KRB R 4RI B BT R T MR A T BT R ((¢)12 > 2m)
BRI, [ T LB RO AE 46, 48 m A — /MG U, F 2, 2 o2 A

2

o /2 1/2 %
NF 4m? BEIKF 4m? B, (1——"—2) AR i (q——1) 0= +iu,
4m am? 2
Hrp

2 1/2
sinhu = (4(1? — 1)

4 oy 1/2
—ctgh = itanhu = i (1 e q—";)

A K

AFENRT (RBMEER) OB E KT 2 606 A 20 R, £
AHBMTHEAEHBERTTIMES OCE 1 H3XI9). CHET B, 2R
A WA T, YUK EE & K S B AR A RS AR W s X AR IE DL R T B RE R
1600, — H B & B ] B )RR A e LU, MEE R R, WA — A
R (22,

8. Yk

el E AR TR S %, PP AEEE R A B ), %%?E ”1/’—
0 ENAFEAA. 7 HATX AKX b, ATAEE T B -0%4, = 4, E‘Jﬁﬂj‘ X

[21] E. A. Uehling, Phys. Rev., 48, 55 (1935). R. Serber, Phys. Rev. 48, 49 (1935).

(22] A 582 o5 HAE A 6 B, B tn, — IE i B X0 506 F 6] B R 7 A, B U
B R T IENEATEER BHE EASEMEYHEIEN, BHiLEL
AT IREE. B AT N AE 2 S HE AT B AR A AR T (] M N E 2 EE LT
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BEAOR PR AR AL E T, By j, RFEMN % — 0 XEBREED

u
o2 (gi) — 0, W3 b, RAVWAR G R 222 — o,
B 0%,

AT IEMX R, BATE R (SESUR) & 56 F 0 Ik 0@, 3 1F B 1 4 08 f #E
ERF. RHMTE p 5 ERAGRE FRRIBEE 4, BT, Bk, R4
PAE B B2, X AL guy, = ¢ MEFITE TZF. Flinxt F—RE 0, RAIMN
RKgESp MB pp=p1+q ZREPEKT. BE Bl g=pm-mn UK
Ugpru1 = Miguy = UoPour, X ITE FF. X IERTE MK T B 2 1E 8 5.
EEERMFELT, BUEFEFF (LR EEHTFITEMXEERER (34) KX) (Hl 40,
X F Compton 24 5z, AT LAZERE FE (15) Hiki% ex = qo).

AT ERHIE X, R 2:(i=1 8 N) B EmBERSIANES, BIF
A& ¢ (B0, 7T LI K 5 500 WO R 2R R & F), B R hsh& po 8K

N-1

TE & py SHERE, B ay H (#i —m)as, o p; = pi1 + q (FEHTEH

i=1

o R ELN). R—ROERETREENPOERELAS. T, HBET
FIEBL T & po M py +q Z BB EERETG: HP A NEA o; fEH, TEEA B —4
Boaexp(—ig-z) 1EH, XB a=q WHTLUHHTA R a; BIER, EXFE
T4t anli(pi +q—m) ' ai(po+aq—m)'q, EFMT (anllp; +q—m) 'a,,
XERFENLSERTHIER, po FMT m, BT (go+q-m) g EWMT (o +
g—m)t(po+aq—m). FE, EEEMERZEER, WA H

q(@n —m) tanll(p; — m) la;

HA N +q - mEHTREBE, FIUARENT —anl(p; - m) la;. BE,
XFE— k, EXRALAFES ax F apy ZEFER. X4

N-1 N-1

k-1
Y oan [ @i+a—m) " aiwr+q—m)a@x —m) " ax x [] (i — m)~1a;
k=1

e =1
@x +a—m)" g —m) 7' = (e —m)" — Bk + 4 — m) ! (34)
B A TSR AN AT DL B AS R AR 2 28, sk — Al @R bk —» k—1 28
B 55—, Bk, R SR Xk 9 3k A 150
N-1

p LN 1
AN ai— AN e
gm—m : gmw—m 1
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BT T ER I MBI, TR T, HI, 0% 565552

%ﬁ=&Fﬂ?@ﬁﬁ%ﬂ&&%ﬁ%m%ﬁ“%jﬂk%m(WA i
B 0z,
= g %) A IEMBI, CHRAER. (RAT%EEL, 5 4, = 20

i)

AL F 0 Dirac HF, B R o = exp(—ig)y B AT LK E L. BRI ERE
¢Mﬁﬁ%ﬁﬁm§5%mﬁ—ﬁ)

XA —AREE AR, 76 T 5 AR AR AL 6 A9 BRI A R B, AT AT LUK S
B4 SE- 7 %ot BiF A5 O A AR AR T Tl (T A R T A AR O ) SRORIL X R, RS T
e, F7 10 EARALBOE A K B, HAE TR e My, BB RN g, W
WRMIE q,M, = 0. X F7E 2 F7 1 L4738, —BEHB M2+ M2 H
RIAERNT AT AR M2 + M2 + M2 — MZ, XRHEZXTFHHBRT ¢ = g,
quM, R M, = M,. XFEBAERAER - MHIHER BN B, FHEHTEX
ol 6 %) R 1T e Ao 3/ 5 Ao 7T Ak

b, BB TR v,k 2d e SRR A THAE AR F, 52 i AR I R i
BARFEWRA. X k=00, B B v, v, &5 p BFTA MWNME
RAE, BBV —FHFRANERATARHLE REBFET, RAEET &
B P2 AR A A R A B

2 4Rt AT DUARGE B AREE, T RN m R E T AR B BT (B BB
Coulomb #) (BRXAKEHNA ). BEKEH —HBBTR v, .- v,k 2d%%, H
Ho FORFEE b ] A . LEIRMTEERE p WERETE ¢k MREE S — K
7 1 AR E R 1,2, RUE B ARBAENFXEA 1,2 X F, B e
RrEET. ERALBRY (vo--v) — (vx k). RIE K = kaye — Kk,
Hi K= (K- -K)\2 FEBIIEIEHR, £ R 4, BB U Ky EHT

k4’)’t, #E.
2
(%“'%)—(’YK""YK)=(K k4>(t V)

FrUATR LA k—2d%% = d%k(k3 — K2)~' B9E 3N &

d*k
~(e W5

23] U v, FEFH TR —B FR ZERMAB—L. E £ = kaye + Ky HFHIE
(K- &)+ (£ K). BE, H—A"BEN kW EHNRR, 85— & r T
Wk, XHES UM (EE T .-k PEIKEFF, SHERSEEZW, B A RITE BT
A kB TR Eﬂutﬁ%ﬂﬂ&@ GERER, faszm (k--z)+ (z- k) = k(- -ve) —

K2 (k- k), RATAT B S5 (vee -+ vx) = ——('n ¥t)-
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ve WA RORE PR DL, B e WA AT AE WS s AEE by X—FELE

W, AT LAE e B0 ke, T B —WRE A AR A, Tfﬁ Kr Coulomb?," i
BERERENX

9. Klein-Gordon F 2

XTSRS T B R Klein-Gordon IR H ek 124

O(A) ., Oy
2 o oR i
Oy —m*y =i 9z, +1A“a$‘1

HEMEBFRAER 1,.(2,1), ERTEXFE 17 (32) XFrE Xa9. X B AT,
BRE v(2) WRE 0% —m?y =0. ERZE XA KA 2, TREE

w(2)=/[¢(1)81+(2’ ¥, e 1+(2,1)| N,(1)d*W;

leu 8:51“

— A Ay (35)

({5 FA 38 % E B Green &€ B Y 77 ¥ B AT IE ) B0 i S B R = 4830 |
FEmAREA N, WESSTRIORE (XN T A 2 REE) i #8RTH R
T, T 5 A B ROk B R B R . WL E S Dirac 1§ 0LA HLER, ¥ BT
BN FAMIER T

A] LA (35) WA A R H B BIR, 5 — R 5 LA IR B g R
R XERE—REHW, it A,A, BT, B2 AT LR AR, B4,
BEARTFHYE a,exp(—iga - 7), by exp(—igy - ) M c,, exp(—ige - z) HROAE AT
B R po, BORLF L, T2 pa = po+da,Pb = pat g5, B/F BB R pe = po+ge-

[24] 3X 17 BT i 38 A9 5 12 S A SCHR 5 58 14 7 Klein-Gordon 77 #2 ) /2 3 A& R #E 3 tH ok
B, A FRER v RA—-A28, EARER. 5—FMEFEXT M 1 AR R
SE I R R B F R X B 6 R

ﬂu,@vﬁa - ﬂa,@vﬂp. = ap.uﬂa -+ lsavﬂu.

) Kemmer-Duffin 8 [F 8,. 5 XA a,, AT 2 B R 0By AR apy,, WA 3
BRI ARES BIE 1/2 WARXRER X ERFFE—H; ﬁ*%ﬁl‘ﬁ‘]%@ﬁ 1{2 AHEE

FHp-p, ﬁﬂ—rﬂm ;{*"‘

(mp+m?+p2—p-p)(p-p—m?) " Im~, XEWKRERE K. (2, I)E%%iﬂﬂhﬁ,ﬁﬂﬁﬁ
BE K (2,1) = [(iV2 +m) —m~ (V3 + B)]il+(2,1), HF Vv, = ﬁ#%. XELREHT
2p
ZHBERR  IEARRE 5 4R, X1 AR 10408 BE (V-my=Ay, BFE
&R I 5 Dirac 5B AMF. & W. Pauli, Rev. Mod. Phys., 13, 203 (1940).
» AT RTRE T RESR T HREFRETREFEARRE T — & E
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R TTR=TNZA (p? = pupy) (WA 7 FiR)

(Pe-c+pb - ¢)(pF —m?) 7 (ps - b+ pa - b)(PF — m?) " (Pa - @+ po - a)
~(Pe-c+po-c)(pf —m*) 7 (b-a) — (¢ b)(p2 —m*) '(pa-a+po-a)  (36)

455 803 2 SRR a(“;”) e, a'p e FREE, 485 F X5 — . 75 32

H, ﬁ%ﬁﬁﬁﬁﬁ%’l%%%ﬁ%‘ A, ZBIJZEZF‘YEFEB‘JE’JE ERE iR
H b, M a, FEFR—BZIMEM, RET (a) + A A, T b, Fl a, — BN
B qop + qap, XFEFEb-a EFJE, WER po+qa +q B pp. BIE—TKRAT
PRI —EIEHE c, Mb,. TR ALA, RFFHA—LTR, FEXF
A A] AR B & SRS B (S B e S B, SRR R 5 — A, lle—
D). X FRAVBEMKIF a.b.c, 8E a-c I FELRREEH, £ 2H 55
— 8T B4R (36), (HHIZET a. b, c WAERHKFE. EXEITH, o.c TLH

.
Py /tz %
\’b “ b-c-zT
zh \Pb ﬁ
‘z/P 5 a-b-zz Az
% Py l P
(a) (b) (c)

B 7 =A% E) Klein-Gordon RLF, (36) 2. BLIE S HREIZ ARG 2 (BIUN) po-a+ pa - a,
FHETFBEAERNEFE - b A EAEHH RN b). BESE N p, BB FH
EH{FR p-p—m2)?

eI T —BIF, sh&H p, BB T HBEN

2
2wim /[(2p —k)u((p = k)* —=m?) 71 (2p — k) — 0] x d*kE™2C(K?)

H 5, =4 kA AA, B, BRR R % 5 A E—A> 8 &7 0 T e .
HBAH CK?), XN —KERH, &
}\2

A2
XA SRS ﬁ%ﬁﬁﬁﬁﬁ%ﬁﬂ%‘ﬂ@ﬁﬁﬁﬁﬂ@,F)fuﬁﬂ]ﬂ‘@'ﬂﬁ%
SR 7, i dn

C(k?*) =-

A4
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& —fi i, A (17) R K% / TGO = 0. FEXFR T, E e, R K
0

FYIWEE N WFH, FE, A—Em /D EREBEEAZE, @ 0HES
16 1E X U1 7 s A UK, BRI Dirac 77 B —#f.

WA JLABLF B, o] LA i AR A 43 2] Bose i it, B, AW I RS F
HFE -2, HEAPBEAE TR, WEfAREHEM (AR Fermi 48315
B AR R). 7EX FhAE LT, BTN 5 BfF 5% 1 9 Dirac B2 F3E % A8 0L 8 7 R B HiE
‘B 5 Pauli fll Weisskopf ) — K i F LA B SF . Bose Siit B & M & BEXT E
ZRATTEAFF S S Fermi R (BF 1), E2 (pp = pa +9)

1
m2p —m#

T R

2mm [(pbu ay pa#)(pbu % [ pau) 2

5 R I e 6
Joi= %(qpqu — 0 d?) [ g +g= m3q2 ! (1 " tanO)]
WRBFSS (33) KWHRF. (¢2)'V/2 > 2m B, EHWHRANIE, BREIAKXS
& H 75 B R A, X 5 k7 X = A ) ] BB A %, Fermi %ﬁf“*“tﬂﬁﬁﬁ‘
%5 (EWpT el BATEIE{ S Fermi R 5).

10. FAFNHFEiL

N T R T BT AR AR T R R R B9 BRI, A 5 X BT
BE E R R. X T AMER, RESEWTREBIMEERNRE X HE
BARISERFEHER, KBRNAGH AKX AR ER LHEAHEEH.
Pk, RE AR A sk ol A T ik AT sl 2 7.

il W B E T IR Dirac 71, TRIIEN p B THERTE T

Ho M EEFHRE (XBEWRE, BT LU > 4&). REFBBREEFSN
FHEAEM, &FA R, N TFHEERER R BAHEE.
BHEARMNEFEPHENS FHOFL, SR N%EBREENRERBRAINLE
AW XE, RESBK p 7R FEETR gy, (“DTF0) BT g
RETHEMN e SIBH ¢ WPRIBH FREHEFR (212 (MAREFH
g7 %), i p BA-TFHRE. RERS I EHIRE, BREAKSET C¢® - 1?)
RER/LEHRSWY. M TRARERSHREN T, ARERH R EE
FohA 1 RF . REARATE o AR RACE SR AL X FBRAF, Bis
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MBERM v = ivenyyere B v, B0, ZEXAER S, ShEN p KEFHE
B 4 2

2
T [ sl k= M) rsd k(i - ) OG — )

HAKE A/ F BRI T A bR B (Bl A

1
5 ('Vu'Yu = 'YV'Y,u)

FX TR AT p F v RAD) R 4, W ptg A0F 4, WEREIREN T
REME, K ¢ BETHRRISBWEENRIE, MEREN TrshR K
R RS T3 AT M, IE AN E H 3h J 2 o e A B A BT E B B AR A,
ENEEPEATHEENFTAIESHNOYEST. BirB& A TRAMEH
RLFH pysg R, MARBA FREBEMHLETH 2u) (g — a7 KR
B oy, XEPAMOBRER ST T X LR EEREABEER. FW, s 7
B b 0 L A A L P X R BP0 R e R HIORT LA R R 4 AR A e S8R
TR AL, 45 RS AEAR, X PTG B WS Ts 1k A K N B U0 BT (R AR SEURR. X BY
R, pysr SERAEEAER 2Mpu~tys F4, BN R ERESEA p M
p2 = p1 + q K B BURLT BR8], A

(G2ysqu1) = (U2ys (P2 — P1)u1)
= —(Tap2y5u1) — (U2ysPru1) = —2M (TGgysu1)

XEEN v 5 po B35, po (EAES 2 EEMTRU M, p ERES 1 L
WEEM TR M. XKUY, vs MEAEHTEIEMX R R T 7 W5 (B, ys X
HABEFREEREE), BRE 42 =1 3R/, FTUEFREE —REE/ER L
H-ZRNEERR. TE &FBIrMa RSB OUaN N EaEX N EEN
g 3P RAER, WA S|MAEA SN, HYERERA N E
REBERNN, EAFREREEEM. Eitk, X T 2 A LFx 6, X i
egn th o AR B4R

EHE B BN FRSEM P HEREN T (1) M F B SR
BIE RS XA B0 5 oL 3h fr 2 v A 1 &0+ 20 AR ARL), S F O 5 SRl 8, 9 B
HBRASATFHMBER X N Tirg (1) KRR (1) PHESF, SR HK
KA, B s 2B ) . SR, X D) B RE R EREIEL T A 73, Fr
PART DLd i A 7 g EIECTOR ERRE. EXMEERZE SRRE5NT
HE A K, LR ES VW RE TR XAMHIN S 7 AT E IE AR IR T

[25] M. Slotnick Fl W. Heitler, Phys. Rev., 75, 1645 (1949).
[26] H. A. Bethe, Bull. Am. Phys. Soc., 24, 3, Z 3 (Washington, 1949).
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MFrEERE TN, BUTFBR DR ES KA BE, fmEAF B iR
FHIW 530 220 i — 25 0 X FE F X PR B, %Ak BN I
SHIE R FAFHERMT, B ERRNFRERN X —FEIEMA I H# U
W H B IE MK T U0 Wy SE. T W5 BB B e A A RATAT LA
BB 5| A R AL AF. (B0, F riys AR P 45 FEXT 4 = 1,2 KA, Horh
n=r+r_,n=i(ry—7) M WHFERIEF, FHTRFHBZF,
ERFZL S F.) M TFEBRRE, FRMERZILERES M. FEAFHBE HE
FEooiE B L, iERTEE AEERRFER P F. XBHER TR
g, £ —FFR-DAN TN ¢ BB o IBP, i THFAERETF
RABRBBAN T ¢ 8, BHitbh FURFEEF—DTANF ¢ (XEBHERR
FE 18 i B FF, T2 18 B AR KF). Bll, 5 Klein-Nishina 243 (15) #H L3, RA
58 (SF K 5(b)) MELIET2 A F XA FHREH b, 558
— T (&K 5(a)) FHEMU TR 2t BAE S FHU EN FRo .
—HEM N T IRASTE, B TFRAHAMNT (L —1) m

R TR FAGEHE A A4 T N TFHBBEC e, Mla b T
R, B EMIEAEX BARL. XA — R, EREN FHEERRRH 1,
AR 26 A 2 S B TR R 3 0 AR A G e B i B L SR A T I U A R R,
AT LABUCR S A AR NPTy, — n g, RSCHI AR BLAE IR . (FE 9 M1
UL B IET p2qug B F.) 18 & 5 AR iR PR R R R T Y, 1R 28,
G MFRE) vy oy, PWE—I p2g g RFEFEKE. W3, & 2H
—pu g T, MR ARMBRF AN T 1 ARNS FHRAE. BE p 20 g

amu a.’t,_,,
W o, T v TEPF AR 2 0SB, PLAKE 5, 78 o i _zg;y =3
AR S Y “

s 0 [0s,
Dz‘PI—‘ Y “29"# = —4n (SF- " f" azﬂ (azu)>

EHRRE P EXAHEY v, —p2quq, B FH (g2 —p2) 1, &5 ¥ T RIK, Lagrange
BEPMEEERDT sup, S .

XN HEBREMT R RAEERN 1 R F—BTHNE v, BA.GIEN B
BAEBTFHE ¢ u=0). SIBHq. B v 58 p BHER FHIEHEFZE 47 4 958
BE (BKE)Pu = Ouw — p2qua0) (% — )~ T, BEBER N aexp(—ik - z) B — KM EAE
H (1 Proca H#2) Y FRLUMME Eu = (g2-a+q1 - @) — gavau — quuaw, HH ¢ F
@=qg+kZMEEMAR. FRSIE. &E, % a,b 0l 88 R AL 1E FH, HA R 48 R 2

EL,, = —(a-b)duv + auby

pﬂ%ﬁﬁ?%%wﬂW%—;-@%Hﬁ%)—ww=~myE*%ﬁ%%
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HERTURE ¢ BENTHEN T

BABINIBE ¢ RS EBAEERNE. (Bl ZHEETE, W
AN T[] AH B F A2 B B AN LR B A F RO M BAE A, DL WOy B K T U
W s E) AR FAEXNARXEKEPREE, -y, FEZFARNTH
RBE BE BXXBEEIRNARXTSBEZERER A RE XBRTAF
R EFATEEAEN ALK RRBRO T Z — E - REFHFTE
RS X FP AL IR R B A, X ERATLLF 0] DA 3R b B e B &
B, EHAEAE MG R RN F B RGBT 0% SO A A
T, B v5(vu — p2%quq), M RGPS F A v57,.

FHEBRSWER Y% FRERTN, ESSMHEERKN T ARMERT
B 43 i 7 X b B B AR A F B9 AH B/ AU 5 AR A Klein-Gordon 77 2 4L
F—#. FEXE, EENRZZEN A Bethe #1 Pauli B33 7, k2 v, Bi%
ERNFERUGIENHEEER S, B4 FAEFRFER “BE”. BEX R TR
BN p A (0% +22)Y2 B45 RAR M, 22 RE GO\)d\ Blar. Xt T 7E BB AR
HBAERZEIRENN FERET, Al RAeNESHE F, &0, HLEAZE B
ARIE SBMERAEW g XFEMBEN Kb ¢ B FREIRESHIE
BEZE), VANTEFHEFBERL A B, AFE —-THEE 24 (HPH
H B F B 3 B BUIE S, X TR AR LR S 3R R 9 [R) B R 5 (30
) 4 M F AT REME.

FA TRl — T R R & 51 1E 4 18 4 F 5 1 A . R RS AR
1 IE B, F A 10 — B R B G R I SE.

HAXFBEAS RS/ ELT ¢ WERMKH: B FRMMHEEER . &+
XFAFRHUN, AT B R A Bl SR, BREE, FEEU, F
% HE BARISLRNE YENMNETHKYEE) RIF/FaHER. JLF
A AR, B —MATEEREFXEE R Z2EME o® 3k —%, 4
g%/ he KB, X 2R3t .

YB3 F¢ 7J&5 H. A. Bethe (2 ¢ T K18 H 25 & 1k [a) & 49 A PR 7 LA VE
NEEGE R T 2 i B, /R Bethe ZB2XT T MO HEPE, DA K 783X 10 T 46
J& B R o B R AT B TC BRI IS, 7 & th B J. Ashkin #8240 B0 9 32 F 5.

Bt £

FEX A M SR o, AT s BT B8 FR 3l g~ (R B T B AR 1Y
Tk ok B R ZGE R E B T BOM 2 2 2 i R BK 1H I3 A X LAY O R T
RRETHRE—-IMHRIERS MRS HRER, URENAERE SRR REE
=T
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VB g — > BT 4 ) B, 1h 3R AT 28 1B A — 2 0 8 S S ) 8 o o B ) B
(12)

/ (2 — K —m) L a(p — k — m) "Ly, k"2dkC(k?) (1a)

HFPFBITE C(k?) BUIHAER 22k - 22! B, T dk HER R
(2n) ~2dk;dkodksdks. BEEH (F—k-m) " =@-k+m)(g - k)2 -m?)1 15
E3|
Yu(#2 — kK +m)a(p1 — k + m)y.k~2d*kC(k?)
x((p1 — k)? —m?) " ((p2 — k)* —m?)™* (2a)
XAEEREATUMRL. BREZRBELZEHIEBET. B AB =

2A-B—-BA, " A-B=A,B, BR— " S5MAEEHNG N, TR, &
REZHE—FEKX, A BRKE, MHTF v,4 = -4y, +24,, 7115

’Y;&A R'Yu = _A'Y/.LR’Y;L + 2RA (3&)
B, JeZEPAS v, Z 8 8= F 0T R H R4k . #8000 A R A2

T =4 Yudy =24
YA By, =2(AB+BA)=4A-B
VA BLy, = —2€ BA (4a)

Kb A, B 0 RIEBSARBER (1 44 BRI E).
HHE (20) PR, ATLBES I FESTZA (H & = 1ok,):

'7_u(ﬂ2 ot m)a(?l 15 m)'Yle - [’7#705(?1 -t m)'}’p
(P2 + m)ave V)2 + VYo AV Vud3 (5a)

H
Jass = /(1;1%; kokr)k~2d*kC (k%) ((p2 — k)2 — m?)~!
((Pl o k)z = mz)—-l (Ga)

X (1 ko koky) FXTRE Jy B9 1, WRE Ty B2 ko, SR J5 R Kok

FEAN-SAIBREEEZHR (ps— k)2 -m?) BENETF, UES
WAHR M E LW k, FE L kokk, - BRHBRESFH. SEIARELE
BEFAEEAIEAEALUMNES BEHEAFAIEEE k+L MARRE L A
Bt k=2d%C(k%)k'~2d4%'C (K"?) #47. WTLLAHEM T —RB o r sk
Sk R/ e
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HF (p—k)?2-m? AT R
p—k2-m2=k2-2p-k—A (7a)

Ho A=m? —p?, Ay =m? —p? &, RATAT LIE BAEE - BEFELR, HPA
F AT EA MBI REE m. ERINTWFREKREZE (6a) H, p? = m?, F
&= Ay =0, (BIRATHE 5 FEEE — Mt 1 [a] &

A, SHEF CKk?) /K2, BATEA —22(k2 - 22)~1k2 AILMEEE N

2 A2
_(k"’—/\w =k 0k = —fo dL(k* — L)™2 (8a)
B, BATAT LA (k2 — L)72 A k20(K?), BIGFRSE RN L NFF| A2
Mo, TR RATAT VAR A2 b m? 8 p? KBZL. YERSE
T WA WS T S, X R R AR L Y, B A L AR 43 B T 55 K A AR R
WSk FHAER LN RME, MAMTT U EEBREREFA —/PEE Anin,
X LEIFRAE N AZ, FRB] N2 TSR F R A%,
FTRBEATLHE T RIER KR 5

/(1; koikoks)d*k(k? — L)72(k® — 2py -k — A1) "1 (k® — 2py -k — Ag)™' (9a)

H (L ko kokr) RANEARREL T, XS HWALE T LI HIR 1, ke 5 kok-.
EEEREES, ATRAEREEZMEF k2 —2p; -k — A;) 7! BXSEFHH
b T (AT LLINR (k2 — L)~2 BXANEFHE p=0,A; = L FFFERIE M), i
—HESFHAER kk,--- WEF. EHRAXEETF PR GEDS T RE
T E, BMESE LA #A TR /N .
FATTHE FH V3 94 9 X 2 B R A R 9 AR . DA A 1T B A WL SRR 4 I B, IR
i
/ d*k(k? — L)3 = (8iL)?! (10a)

A AN B /(2n)_2dk4d3K(ch—K-K—L)‘3,ﬁt{ﬂjc/j\yg K = (K-K)'/?
KRE K WDEBR bk, ks, X kg BERSTE ks = (K2 4+ L)Y2 M ky =
—(K?2 4+ L)YV? b B RA =Rk . BB E X, B8R LA —/N 7R,
RS — MR TE SR Z R 7RSSR A9 JE R K R P A BLE, B2 R
1 BT R ZEAR FR T R 2, B DL AR SO B A O R 9 (B X R BB AT DLWk 4 2
AEBEW A ks = (K2 + L)Y2 ks BABEERE —2mi LUK MEAWEE SH
ka=(K2+L)? 6, e BRI (k7 — K2 - L)% = e~ 3(e+ 2(K2% + L)'/?) 3,
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R WA FEHEER 6(2K2+ L)/2)7%, FFURMERLS R
R &R
TR, 4nK?dK(K%*+ L)% = =
(10a) FAFIIE.
& 25 B RERRPE, RATEH / ko d k(K2 — L)% = 0. XL RE %
8i/(1; ko)d*k(k? — L)™3 = (1;0)L ! (11a)

HAPFES (1;k,) F1 (1;0) Xt 57 H @ .
Blk=k —p A (11a), 34 L —p* = A AT{EH

(81) /(1; ko )d*k(k? —2p-k — A)~3 = (1,p,)(0* + A)~! (12a)
¥ (12a) B AR A MRS p,r T, HES

(24i) / (1; ko kokr)d* k(K2 —2p - k — A) 4

!
= (1;pd;pdp‘r = 5501* (pz + A)) (pz & A)_2 (133)

H—-BPHRERSGH —RIEFTHERFEES c BT, EXEPHEE k2 -
2p-k—A) KIEHRRFEHI R

i, B Ra&—1Ma8REF B THRIIWAHEFROEER, RIMEHE
HFR

a~ipl= /1 dz(az + b(1 — z)) 2 (14a)
0

(X & Schwinger 7E X 250 45 Gauss 209 TAE o @ WL HY), B K B oy 3
MERABRGERKER 1 WSEB S, Bl A FEsm s HE 7R H—
MEFRER. 3T a,b B HAMVE, FATATLAE A T EE M H1E S, %

h |
Y / ez (ae L o (15a)
0

ENRH (14a) @AY o 3K b GHRTRAE 2M.
Ja 5e BT T 2 B B4

(81) / (1;k5)d*k(k* — 2p1 - k — A1) 72 (k* — 2pa - k — Ag) ™! (16a)
AR (152) KEF

(k> —2p1 -k — A1) "2(k% — 2py - k — Ay) ™!
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1
2 / 2xdx(k? — 2p, -k — Ag) 73 (17a)
0
Hr
pr=xp1+ (1 —2)p2 Az =xl;1+(1-2)A2
(EE A RET m? —p2), Bild (16a) X2

i
(8i) / 2wdz / (1; ko)A (K2 — 2y - b — Ag)~2
0

PAEAT LA (122) Rk, 18
1

(168) = / (1 pos) 2282 4 An) (18a)
0

B py, Ay £ (17a) NP A H. (18a) XMW BEARF S, BEWK LA
AR W% RERFGBINEN—RREX, BERMEYEHHRR
H5XTBMAHE.

2 80T 7T LA B A AR 5. Blan, K (16a) X (18a) Xt Ag 5K po,
R 45

(81) /(1; ko; kokr)d*k(k2 — 2py -k — A1) 72(k% — 2py - k — Ag) 2

A 1
e —/ (1;pw;pmpm — iéw(pg. + Az)) x 2z(1 — a:)dac(pg + AI)'2 (19a)
0

BATARE] T — A4
ER—1BF, EFRE_AEFHE K -L0)2, ME—FTEHTH, 4
p1=p, A=A WENR. REH pr = a2p, Ay =zA+ (1 —z)L. R E

8i/(1; ko Kok )d*h(k® — L)~ %(k% — 2p -k = K)™2

1
1
= - / (pra; 2°Popr — 5007 (a’p” + Az))
0
2z(1 — z)dz(z?p® + A;) 2 (20a)

AEAEFHBSUATLEH (14a) KA IEEHASHEFHRS. W
I, ENSEAWASSHD (SF T w8 i 58 518 E /R ).

LT RGN, ASCH B THE 7 8 R AR e, EXNFRK
A VBT 5 ) R ek AR, PRI A A2 2 e A R, O B H AT 2 X O ik
R A E .
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a. B
H iR (19) &

62

= [ W@ =k —m) Tkt RC () (19)
P EERRATRE (1 (8) R A9 IFRA)L M 0 3 o2 MBS
/vp(zf — k+m)y,d*k(k® — L)"?(k* —2p - k)"

HAYpP? =m?Bf,(p—k)?-m?2=k>-2p-k. XEE A1 =L,p =0,A2 =
0,p2 = p IHEY (16a) X, FFLL (18a) A4 (H p. = (1 — z)p, A, = zL)

(81) / (13 ki )d*k(k? — L)~2(k? — 2p - k)~
. /0 R B ananlt Sl e

HRTE (8) IR L KR
(81) / (1; ko )d*kk=2C (k) (k* — 2p - k) ~*

: zA? + (1 — 2%)m?
= /(; (1;(1 — z)ps)2dz In AT 2pm?

REBBL X2 > m?, Eﬁﬁﬁ‘l'ﬁﬁqﬂ HXEF 222 % (1 - z)*m?, B2

W 2 z 1
m2(1-2) X@ﬁ/ d:cln ) —ll«lﬁ/ (r- dxlnfl—:z:)?=_2’
5

(8i) / (1; ko )k~2C(K?*)a*k(k® — 2p- k) !

FrARA (19) R (ZEHE (19) XH ) (p—k—m) L el (p— k+m)(k?* —2p-k)~!
ZJa) F (da) REH 4, B

(19) = w [(pr+m) (zmA— % 2) S (1117’7\1—22 i %)] .

62 22 22
—§[8m(ln—nﬁ+l>—ﬁ(2lnm+5>] (20)

XHIEXH (20) X—2, HH m F p RHES ) AR (21).
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b. 2+ # 4 &9 15 E

ToHR S A P AT (12), IERIRATE IS &9, 78 Ak B R 2048 A i A
pl=pi=m? ZE, TERBSL (%9). XB—IE=ZAHBEHFHES, RN
SIWERHEAT. HARMSE y IBEF (K2 — 2p1 - k) R (k% — 2py - k) HLEFE—
i, i (14a) 2

78
(= 21 )72 = 22 1) = [ (k2 — 2, B2
0

H
py=yp1+ (1 —y)p2 (21a)
H ik, RATFER 4
(8i) / (13 ko Kok )A*k(K? — L) =2 (K — 2p, - k)2 (22a)

RERMNEBKEMN y N0 R 1 B4 T—HHEH (20a) R4 p=py,A=0
FitE RS (22a)

1 o2 1
(22a) = —/(; /0 (1; :cpy,;z"’py,,py‘r — 5667(:1:21)?, +(1- z)L))
x2z(1 — z)dz(z®p; + L(1 — x))"2dy

BAE, # (8a) XM ER, #m Xt L M. (Lkeskok,) FRIE—T0 1, 5 L K
AR SA RS, BE LBRAIFUNEAER 72,2, EY 2 - 0 W IREX ¢ #
B B XA KRAERT L B TBR A2, k. X FRE—T, LK
F RSy A2, B A2, < p2 < A2 IR E BB —H, o BUMI R KA
HAER. AR

(—8i) / (k2 — A2,) 1A KO (K — N2 (K2 — 2y - )

1 p?
(k2 —2pg- k)1 = / , dyIn /\2 (23a)

(—8i) / kok~2d*kC(k*)(k® — 2py - k)2 (K2 —2py - k)1 =2 / PyoDy 2dy (24a)
(—8i) /kak,k'zd“kC(ﬁ)(kz —2p; - k)Y (k? = 2p2 - k)?

¢ A%
/ Py, PyrDy 2dy — -607‘ / dyln —+ 6U‘r (25a)

‘.ll
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Xty ARG 45
1 R 6
/ O 2dy ln(pf,)\t_n?n) =4(m?sin20)""! |#1n = / atan ada (26a)
0 /\min 0
1
/ PyoDy 2dy = 0(m? sin20) " (p15 + p2s) (27a)
0

1
/ PyoPyrPy 2dy = 6(2m? sin 20) ~ (p1s + p17) (P20 + P2r) + 4 2¢eqr(1 — fctn 6)
0
(28a)

1 22
, v
/0 dyIn(A*p,*) = In — +2(1 — fctn 0) (29a)

XEXTF y RSO BRSLEERNT. BHR ps =p1+q (Ko g WEBEHFH
SB)HpE=pl=m? B 2p-q=-¢ FRb p, =p1+q(1 -y B
P2 =m?—q*y(1—y). f# 2y—1 = tana/ tanf (F 6 B 4m?sin® § = ¢? & X
i, Z1RA MK, XREHE R p2 = m?sec® of sec® 6 LA K py2dy = (m?sin26)~'da,
Hh o —60 23 0.

BEINTERRAEBHEHF AR (22) EHH (22) X G NAHTARESE
B H e B g (ERIERIA LR m, Y po ML DB H m RF.
[BXHE, 16K

VuP28P1Y = —2p14P2 = —2(p2 — 4)A(p1 + 4q)
=-2(m - gq)a(m +1q)
(HA Lk —NEXRE 4a) X), B g =po—p1 =m-—m AEHEFETT, B
VL gaqg = —¢*a +2(a- q)q W—TREMN T —¢?a.] FIEAT0ER B RF
BERIEN ¢ =0 BIFH4
c. AERAL
HEWRAEE S, J,, BRERX (32) M (32) ERIHERH

5 1 1
Juw(m?) = —% /Sp [w (ff— §q+m) Y (ﬂ+ 27+ m)] d*p
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SCh R RO H— F IS, RATE p— 30 R T p. RAEAHIZE T 6B
SYRURI ST

I(m?) = /papfd“p ((p - %q)2 - mz) ;" : ((p+ %q)2 ok m2>
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S35 (Y B, p? —p-q—m%—%q2 ?ﬂp2+p-q—m2+%q2 H5iEH—HH (8a)
4841 — i, {10 TXHH, RIMERB o = (14n), (1-2)= 2(1—n), }
B -1 2 +1 R4

+1
1
I(m?) = / poprdp (p2 —np-g—m?+ Zqz)
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5 (30a)

B p WSy, FHEM AR, BAEHERNMNOB SRR AR, ENES
£ (30) BB O, ROAWER [(n?) MRER [ " [rm?) -
I(m? + MG\, BATAT AKX BRI 2 I(m?) — I(m? + X\2), BIG8 1 78
m?+ L X m? R I'(m? + L), SRIGFEXT L A 0 ] X2 #14>. % (30a) AH
St m? 48

+1 -3
1
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-1

AR KB, (B, RATAT LR R — k153 3

1 —4
1
I"(m?+ L) = 3/ poprd®p (p2 —np-¢q—-m*—L+ Zqz) dn
1

1 =+

1, o 4 i
. Sl TR 26,
&/, (477 49 26 D > dn (31a)

(ﬁ* L) = %(Tl2 - 1)¢*> + m? +L) MECWS T, FHTH (13a) KL K p = %nq
A =m?4 L - 1g $ILRUIK HTHE L, ALHE 17 40— F 2B

kX LG HERMTLUGEREMFENTEFSR XERV I PR
BC BEWREAE I(m?) — I(m? + \2) FAE—T —CX\2, R NIRANTER 55 R R L

G(\)dX J& F4r, i /oo MG\ =0, A BRI K. X FEM, (31a) X L
0
3 H B X BOR & R . FR 417 AT B
i

I'(m*+ L) = %/_1 Enzqaqu_l + %&n In D] dn + Cd,r

YREEXT L By, B BXF n B AR B B i ) 3, 45 R 2
-1 -1
—5 [prtte((p+2) =) ((p-2)"-m?)

1 4m? - ¢? 0 y MR
[ % 200 e 5 bt | 0 e
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2
+60r [()F +m?)In (% + 1) - C')\z] (32a)

HPRMNEMBE N2 > m?, FHBEREETAATE \? EXHEEFE C.
(R JEN EERREYS ¢ AX), X GO)d BABEERHEERT. RiIE&R
¢® = 4m?sin? 6.

PUEH KL R LTS FHRAE m? B8RS, MARETHE I 17 5
WA T XA m? TR, &R 2

A CHEUN(CHEUR

2 2
=4m?(1 — fctn 6) — % +2(A%2 +m?)In (7—’;-2 + 1) - C"()?) (33a)

EWAERA—ITAEENFYR O TR FIBZERHE—F R0

—Sif(l;pa)d4p (( T %)2 s mz)_l ((p+ %)2 _mz)_l

= (1;0) (4(1 —fctn @) + 21n 7’7\1—1) (34a)

LR, B4) (34a) FeLL m? MMEARR T (33a), BRI A L MES RIEFR EARZE R
AR S, TR SF T H AR A H

m2=m2+/\2

A 1A

I (32) RFTERY, KX BEAE &, BEHEH C,C7, HRilE
b (33) R, X Bl R FEE M EORR K. TR, EMFRA + ERERBRE
FF, MXNTHEE AS B#HEA Sp(AB) =Sp(BA),Sp(1) =4, &F

%Sp (71 +ma) (P2 — m2)] = p1 - p2 — mima (35a)

28D [0+ ma) (2 — m) 9 + ma) (s — )]
= (p1 - p2 — m1m2)(p3 - pa — M3my)
—(p1 - p3 — mim3)(p2 - P4 — Mamy)
+(p1 - pa — mama)(p2 - p3 — mama) (36a)
Horp p;,m B4R T YK AR
AREEMNE NI\ BROTERA T, B7 L fif 5 1E 4k 2R x5t 61K

F A2 X FREA FHEE, WAREI. B3l H%hiF R — R EEREM
B2 Rio
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CIN:ESUE Ry RSN E P ek (2 BoN: sl pr 5 7 - BB B i e
J6. WATAH 3 A61F, BIX Meller #(4f, Compton # AT, LA K HF 5H#G
B A B AE R R R IE.
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(FTLL (38a) RBFE T HREM A BN =1T250)
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8 WETFZELEME (e2/he)? MM E/EH, BENMLEFR N ER TFHOEK TR
A, Bt D

RRESF D], X0k W EFRB MR EENES (12), EERAIIE
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il Z A, MEAEAEHAS5UHEXT.

ME— B 5 ZBRATTR BB B R SR 4> (38a) HN (39a) =X, & A48
RERE R, T (14a) 20K AL &5 %, T LR ALX B84 filn, (38a)
ALEEHT

(K2 —2p1 - k)Y (K2 +2p2 - k) k2 (P + K% —2¢- k)2

(kPWAETFATLA (142) RUASH « HE, M5 — XA (15a) Xt b 54 7575 2
HREXA S, WHESBON y. LRBBIETF (k2 —2p.-k) 2k +yg® —2yq-k) ™4,
FRX dk 80 B E FAHEF, 1 AT T R SR 4 5 Bkt
HETEAMNSE 2 My WS REZRK, BBA FEHE K.

Xt A AR O, B A R A T B, X T i A2 e m A F T
A i Z [ B9 A B AR, R AN T A 8b TR B T Ok, BN, &l 8a &
AATREHY, H IR - RFEHENF, B NMEFATREKE. FHR
HAHRFA BRI IEN T

YE R % A5, % JBXF Compton HUST MHEAHEIE. IEMM (15) X A1E



- 210 - A. M =

5 BB BARAE, XA I P IR AR, B, FRATT AT B2y 5 28 58 X T A 4 IE.
B9 i T X Sa BB IET AR EL. 8RBT 8 sh BHCAE K, B 9a 4 i L

/’Yu(?fz —k—m)lea(p1 + g1 — Kk —m)rer(p1 — k —m) 1y, k2d%%

AT, B RS, I aT R A B SR Bl i 1 5 15 AR 1.

T4

(a) (b) (c)

¥ 3

(d) () ()

(8) (h)

El o XFREE D HE 5 ) Compton BT (a) B 48 5515 1E

HA BT, AT RYFR A S M. B 9 B b il c T 556 518 I B V14 %
REEIHP - AEAEZEHETE, (1 +9)? #m?, UBEREHE—H). B9
e A1 f R EIETL. B 9 B d W08 25 & Am B0, TE4RH (26) X
M (27) R F2 (28) RFTHATHI IR, REH P p' =p1 +qa=e,b=¢1.
EAXMBHEET ¢ =0,¢ =0, WA EF, FrEAE 96 ¢ A1 h T
TR, BRI N A BUR.

G5 RR W, LLARAME SR IEBON B KA. S TE Amin 2 VIWTET, IE HEF

T RO

ln'

min

lnm

(1 — 26ctn 26) (40a)

SR

Amin

Fe LA AKAE IE HIHR 18, HH (02 — p1)? = dm?sin’® 0. X 5% po — p1 HIHST 958
SHEIEGS RAHR. ZE Y b X BARE R 10, B 2k 4 55 4 19 8] 25 A BB 52 R < %
B 204000 3k B 128 BARYE R 50 3 kK R R g, %R EC Y
AIFRAE R, RETERTH FHISh &N py, BESE S B FIEF [ p B 3.
BEBELE-MLEBEBEHSNIERE M REK.
RiNFEMERE—-NOFE B FRFITUERF RO AN F, oAb T
ADESHE#HHEHEER. EBRXBEWNERN FEIB T HBHBEEY A =

[28] F. Bloch #1 A. Nordsieck, Phys. Rev., 52, 54 (1937).
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a exp(—ig - z) 51 IR IE AP E T XA b F B £/ ¢ /IR
T, B BEUERFHEEN ga — aqg —F2E4k. ZEBEF 5B FRZ
B— BT, FAREATESEBE TS FH—FHEEH ERFELT o, 2
q 2 Tl v, FERFHIARSZRIMMERT, XBIMESHHBZER ¢

PR EER GRS TR TR KA shE R p P F R —
M FWERREF, XMEFESHHEERZEEREESNF (SEE
10a). XA RAEER (p2=p1+9)

/’)’516(?2 —k— M)—lﬂ(p'1 — k- M)(’Y5]C)(k2 A3 yz)_1d4k (418.)

5T BB R A F 5 A E AR, RATBE A T LR Kiein-Gordon 77
(35) HokF RS ST (25 10b),

= /75142(?1 — k1= M) (yska) (k3 — p®) " (k2 a— k1-a)(k} — p®) " d%; (42a)
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/ 75’5
75152
pi-Ki
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y /» (b)
//Pz /'y
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P ;P
(©) )

Ko #EATHEE P FITLLESRN BHFBRA T SRES o MEEH. E
i TR SR A 6 I b A T B O, BT D

HPRMNEE L o=k +q FEHNRERBETENTFEAN, BIEXERHE
[f RS vsa TR EIFETR (25 E 10c,10d)

/ (v ) (2 — K — M) () (? — )"k (43a)

/(’7511)(211 —k— M) (vsk)(K® — p?)"1d%k (44a)
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e B A 7 B AR A A it i o i o X S A 7, RATE AT AR SR 50
HABEREIF. & ¢ WRBIF, k—T R P FrEE, ©X WA SR, R
o T X8 B T G RO AR R, B o R A T D) B AL

FE B4 Z B R AT DA 3 26 3 3k s AT 2 Ak A A 9, SRR AR R
Ky —¥ FHBERTESBERBREHELKER. Fl, 7 (41a) X, WA
Yo EHEMGE Y FE LN gy =M, FTURER sk FTUUE R Ys(k—p1+M).
XK vs 5 gy Mk BT 5, BT LAXTARI B R (g1 — &k — M)ys + 2Mys. HH
k—T5 (g1 —k— M) Y, IBERIES (43a) XAHHE. AEUM TR, 7T
£ (41a) KF L —NETF vk BB —2Mys — vs(p2 — k — M), BHH A5 300
BE—ANEE po— k- M) BFHERENI, IS (44a) X+ B2 LR
G, LRV FTRE (42a) KPP B sk T k. BREHBER (41a) XA
(42a) RIFEERI T, AL B1A BIRHEE 2Mys, AR vk, BE 5 (43a) Rk
(44a) AT, HANWTIERRBERBE SEFBERNIME. BiHRH 51
0T B A URR K SC R, T 25 T 80K b A T 1) B ASUEL. 22T W R R AR
YERL, HIR % W F R RS,

AR R TR T SRR NMEEER. BN TR FREEERE
B, XA TR PR RN XARMTHEBEFHENE T
SR EEHEE. AR A F5ER B T MR T RERE 22 A S5 T B A B
i FHEIG A AR TRE. Lhr b, B R R, A5 E N, X TFAET g,
2 R R A S B H R B B — IR RO B R T A A B R R
MR TR Z A W TFEMAMEN N FRERBESH N FHRE, LRSS R
B B A R AR L (W25 v R 9 B 22).
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