FH:REZT 74U UEEESI R > TANNE I Wb > TRVWOTH
EHD FHAL, TBEMLLEZE N,

9.4 HIRDIEY AH

Hif 2 #iC photon & fermion DRIERIEIZH T2 2 IROH ST ANV F —IT
DWTE ATz, BHAAIMRUT TP EI VD, T OREBIIEMDOMEDIA
AR SN, MOFEROMEEI MDD B Z 213\, BIREBIZFEET 2ET
WL CTEH T 2, A FERIZ, fermion DFRIZHE T XV X —%IIZ 72
HD%EF 25 (Fig.9.11), Feynman IRIFIFIRD & S ITBEIEE N5,

u(p) — u(p) (ieo®(p — m) B + ico® (p — m)Se(p))u(p) (9.38)

i
+ p—m+ 1€
(p—mu(p) =0, £z, p—m T (p—m)Ec(p) & (p —m) D 2IRTERIZ
EOLDTHREDHEEZEL LT,
6()2

p —m + i€
LEZEE S, ZONT BIZHHIT 2IHIFAETH 5, T DIEEF X X section6.2
DA BT DPROIRED S HO T RN F—DRIRIT & > TYIRR 7k 7128
g 2 “WrBVRER” 2 EAT B L RIRT B,

u(p) = |1-— (p —m)B |u(p) (9.39)

— WG IZ DWW T

6.2 HiT SATFIZEA, B |i) — |f) OIRIEAD (f|S]i) &Lz, ZDEE
li), |f) XHEERIZHEEFHONINV =T v Hy OFGEREL L THRbh 3,
ZZTNAINN=T VOMEMEHE H(t) % Hi(t)f(t) LESHRA LT 5,
fOIF-T<t<TTft)=1%EKUL. t - +oo THIIZ f(t) >0&D
BT, &2 EMEREIKGET 2HEERILZ2BENHE, 2575
ZETHEMFMZEZTOE -T<t<TOMOA (DEH+HmEDVL
Z)THY, |t <T ORI ZEELIL t < —T ¥ t > T OIREBITHKAF L 72
Ve ZUT, BIBEIZT — oo DRBRZMEL TP 522 T. BRIKRDFHEZE
TE2IZH7> CHEEAPER 2L TEHMNZOAMIL LW DERBT
&5,

ZORF f(t) & eo (2T T, REITIKEFT 2FEEERICT D, AR L%
EB VA% t — oo THIBWNIZIHEIES £ 51T (9.31c) 2L HET 5,

Hi = —eof ()P(x) () (x) — dm[f (1)]*¢ (x)y(x) (9.40)
(f(t) 1F EELOBE T, T 2 TIZEAIZEZETIZA W, ) Fourier 21T,

oo

f(t):/jo F(E)expiEtdE:/ F(E)exp'™dE (q=(E,0)) (9.41)

— 00



L3 5L, F(E) DRI,
mn:/wamE:1 (9.42)

ThHO, F(E)IZFE=0fNETIE1/T DIZIFBEBDL>RbDTHD (E
BX. F(E) = d(E)d5&. f(t)=1I1ZK%),

BIESNAMHEAEM (9.40) 3% < DEAENGOHBEFERDO X 51255 % 5
N, RIS AL (x)(8.85) BT XX — (5% LT 3 oEER %2 RFL
TWARWVWDOIX U, MHEMEM (9.40) 32D E > TW5, Fig9.12 (2R T
£512. TOZRNVF—IREDN, EN—T v 7 ATBIT 5T xIILF IR
FERLTWVWS (Fa—MoNTx ), ZHUTHIEL T, (9.39) FRAITE
HIng,

6023

p—d—d —m+ie

(¢ — g —m)|u(p)

(9.43)
(BB D BHIEREBEBEROLE p —» p—¢ —¢ THYH, 27D () h
Bp—p—qg&BoTWVD, TRXLF—IZELTEIN=FT v 7 20 THY
ZERITULTOWSD, TNl f(t) D Fourier 2N 5 55D TH 5. KA
Lnke) T2 THBDBIEREZ RO XS ICESH]A 2,

u(p) — P—/MMEHEW@U

1 1
p—g—m > (p—g—m) = 5p—m) = 3p— 2 —m)
(73055 2 BIE (p — m)u(p) = 0 L VEMU THRER ) T 51T,

1 1 ,

5(77—251—7") - §(P—¢—</—m)

CEEMAL (TN ZORTFERVZFEDN ¢ KO ¢ IZBEL TR O T,
TDHEDLINLEZANGZA-EDERL T2 TE-7ZH0%2FZTPNIL
W), TNSDBEEMAIZLD,

[l_/dEM”“mF@my_gja?npme;W_g_¢_"U“@)
— (1 - ;eOQB) u(p) (9.44)

CETEEFES, (9.44) T 2 REHORRAEDT, (9.35) Xk b,
u(p) — Za?u(p) (9.452)

EHEITS, S 2WEFNZ L > TEIAND, TRTORBUIZB W TR
DFHMDFNLT B



MOMRET 2V I A VIOV THEBIZLTHEZ A VX —2 27250
BEZT,

up) — ZoTu(p), v(p) — ZoTu(p), U(p) — Zoiu(p)  (9.45b)

X 512, photon DIMFIZH L TH Fig.9.3(b) DL IZHATZ AL F—Z A
556, FAkZLT

(k) — Zsze(k) (9.45¢)

L7425, (9.45) ROBE DT XV F =2 R K 2 /MO R T OB BBUT N §
BIEIEIE, RO D A, B OWKEBE DM D AA L IFIEN S, F2HiTD
photon & 7 )V I AV DIEIEIX, NTRA—R Zs & 7y T NZ BB D
Ui B N—T v 7 ZZAEHS B B DR D AA LRI L 72 ((9.18),(9.35)).

ey — €:Z3%60, ey — GZZQ%QO (946)

(ERBAN=F v 7 ZZDBDBLMERHIZDOVTOBE WL E T TP N
ISR AD, Lot ATHYV KRR UTRALEMMTHD I LIZHE, )
(4)ﬁ®&ﬁ%&@?bﬁa% BAORDIAAL UTHIRTE S, Z0
FoDIT, Zs? X ZoT RIMNRE DRM S FN—T v 7 ZMEHT B ERIIE
xEB L, wmntﬁn~7/71@m HRIZBWT —fRITE D 2D, 4h
FUZBI L CTIREM OV AAPHC IRV F —DRRE LTHTWS (Hi
MOAA me — miEil). T3, photon ¥ 7 =)V I 7 > DEEBEEDHA
ST L F —HHIEDRHZ AR ORAF EEHA T W5 ((9.19),(9.36)) Z& &
R TH B,

9.5 N—F v U RMWIE

B2IZ Fig 9.13 125 5D, 2iRDN—T v 7 ZFHIEIZDWTHE R D, /N—
TYIAIRDES ITEEHRZ O5ND,

ey — ﬂw@ﬂp)ia{v“+efA“@5p) (9.47)
FD A (P, p) &, (9.6) X

eo? A (p',p) = ((; 0))4 k v*iSr( — k)y"iSr(p — k)v?iDrag(k) (9.6)

Lo, BF
p—k+m 1
(p—k)2—m?+ic p—§—m+ie

Sp(p—k) =

—9Gap
Dras(k) = 15775



BRALT (BEIC m SRR 72 & 0),

M) = 5 [ e e (9.48)
PP -~ (2m)d 2+ i | ﬂ’—k—m—&—ie’y p—k—m—i—ie’ya '

EROLINZHDT, ZHlEk — 0 THEAFKH. k& — oo TEIAFIT 2,
£oT(921) RO 72V IAVDOHLZRNVF =) —TIZH W5 D L [FRRIC
BB OE S A (EANL) 2 LT <, (9.27) ATHHBRFIO Z(p)|p=m
ZOEEL 7203, FRRIZ AR(P,p) IZBWTH, cut-off 8T A =R AIZH LT
KT BB 72 2O EEL 72\, A IFHBR FOMEE LTRD LS
5z 6h5,

u(P)A*(P, P)u(P) (9.49)

PIXEAMK FOEEFHERZ ML (P2 = m?), w(P) ZHBERKTFAE /L,
Lorentz AZMEIZ &L D,

= a W(P) u(P) + b P'u(P)u(P) (9.50)
Z 2Tk A @ Gordon THZE R A.80 £ b,

PFu(P)u(P) = m w(P)y"u(P) (9.51)

XT, A2t TEB L,
2ms ()" ur (p) = s (p)[(0" + p)* + 0™ (' — p)ulur(p)  (A.80)
EAME L, o, 1T BHEER,
s (p)[d(p — m) + (¢ — m)glu,(p) =0

DA%, AB = AB —ioc* A,B, TE] L.

us(p)aup" — i a,py —&—p'“au — ia“”p'ual, — 2mg]u,(p)
=s(p")[an(p +p)* +io" a,(p' — p)y — 2my"a,]u(p)

(LIED a, THRIZT HDT, BIL T,

s (p)[(p" + )" + i (p" — p)u]ur(p) = 2ma, (p' )y u,(p)

Ihzp=p =P&dnX (9.51)X&7i5,
b KD,
w(P)A*(P, P)u(P) = L u(P)y"u(P) (9.52)

ZIZTD p,p Z2WT, A (Y, p) %,

A (p',p) = L A" 4+ A (0, p) (9.53)



YRERTB Y. (9.52) RS H A 70 4 EEBR P IZH L.
U(P)A (P, P)yu(P) =0 (9.54)

S ARVASH

ZZTAMWD,p) & (9.53) XD & 5 I1Z/EFK T % motivation & LTI, QED
PEITLIND A — co DMRTIX L 2AFEHT 505, &2 HD A (p,p) A
BeoTRV, JhE (948) Rb 6 HEZ ENTE, AMT 7010

A=P—f—m+ie, q=p—P, ¢ =p'—P
9o e, HEX(9.23) ZHWT, (9.48) AD 7 )b I 4 VEREBEEIZ ¢
& d THEERMU.

1 ; 1 1 1

= 1%
zf’fk—erie’y p—%fm+ie_d'+A’y qd+A

- (&Aoo
(9.55)

TNk (9.48) ITIRAT DL, 1y % B A (p,p) DERYIDIHIZH 725D T,
AP, P) &725, £120 ADED 1LIRRDT k — 00 BV THEFERT 5,
ZNLSDIETIE A B RIZE L HBDT, k — oo TPRT 2,

T, (9.53) & (9.47) ITRAL T,

ieoy" — il"(p',p) = ieo [V (1 + eg”L) + eg® At (p', p) (9.56)

GILD y* DIED, JTCDN—T v 7 2 ieqyt (T8 U CEMIED IAAZITo 7=
LDOTHDH, ZITHRVIAAER Z, .
e= 2 = eg(1+eo2L) + O(eq?) (9.57)
YiEET D, COMDAENS e ZAVT, (9.56) R
iegy" — iTH(p,p) = ie|y* + A (D, p)| + O(e®) (9.58)

2D (9.58) XY 2IRDN—F v 7 ZAFFIEDEBAMAER & 705, T T (9.57)
ROBH OV AA L, FHIEH AN (P, p) DBAZITo 72, EAMLI N
IZBWTIEYHEED well-defined THOHFRE A B, QED 2L Lo L
A — 0o DRRZ & 572 & EX LK Z) IFERA L2255, T HITBIHIAR
ARE7R (9.57) NICDAKEE 525, —TiT. AL (Y, p) ¥ well-defined 7 H8
BRiE%E & b, REROEHMEEEATWD,

T, N—=T v 7 AHIEDRER (9.57) DEM DD AA L, photon KT
fermion D H AT X F —ZNRIZE S (9.46) DIV AAEMAGDLDE LS, &



N—Fw 27 Z1Z 1photon & 2fermion ¥{B DB > TWVWBE DT, HDEM e
KD A ENTZEBATE U TR,

732 Zo
Z
&%, Z® chapter TRONZHDIF2REENZLDH5DTH S0, (FlD
TeL)HODBIRMTHENIT DI EDVRED (HLWV), TD (9.59) %&b
fHIZ T 572012, Ward [HERIZ & o T 2(p)(9.4) & A“(p/,p)(9.6) D3FED

2iFonf, UFORX

e=ep (9.59)

0X(p)
= AH(p, 9.60
nn (p,p) (9.60)
ZNzHAVW5,
1 9.2:Ward fEERIZ DWW T
[Sp(p)) ™t = p—m (1)
[Se(p)][Sk(p)] " =1 (2)
INGDN5, o9
8;219) = —Sp(P"Sr(p)
PHEF, FLT,
9% (p) = A"(p,p) (Ward 1E5E =)
Opy
PEHE L,
— (1) &
[Se(p)] ™" =7"pu —m
L, oSk v
Opy
(2) DA% p, THI LT,
JSFr(p) -1 oSk~ _
Iy el Se ) Opu '
0Sr(p)
- _S ns
o, ()Y Sk(p)

22T, (9.6) KKV (9.4) K& b,

1 , _ .
A (p,p) = —W/d“k Y*iSk(p — k)y"iSr(p — k)y?iDp (k)
_ 0
o Op,, (2m)*
_ 0x(p)
Oop,

/ A4k A*iSp(p — k)P iDp (k)




FoTEINT,

Ward 1% Fig.9.14 TRT & 512, fermion DHEZ X VF—DT 5
7 (a) & fermion 7' H /87— &2 0 T 3)LF —D photon % DRIFTHLND
N—TF v 7 AMIE (b) & 2RO 5 (N—F v 7 ZFHIED fermion H T
INVF =D D), ZD (9.60) RE (FIwNT)2IRDAL ST, &
ITHHELTE D, TN K> TEIRDIEHNHIEDFRITKIFIZREIZR 5,

Z U T, Ward [HERXIZEMHE D IAAER Z,, Z, DBBRZELEEATWVS,
HER A /)L u(P) ZFWT (9.60) A& D,

Mpﬁi?

(9.26) X% FAWT, AL,

w(P) = @(P)A"(P, P)u(P) (9.61)

B u(P)~v"u(P)
(9.53),(9.54) XX b, HllF,
L w(P)y u(P)

Lo T,
B=1L (9.62)

Y70, (9.35),09.57) K&k b,

€ = deo = 60(1 - 602B) + 0(605)

e= 2—0 =eo(1 +e9L) + O(eg®) — Z1 =1 —ep’L + O(ep?) =4
1
(9.63)

BEHND (2T > 2 DERTHUFIR), ZHIZk D, (9.59) 1.
e =eZs? (9.64)

CREHIZR D, SRR O AME Zs(HTFOHO T AV F—%E, HIbH
ZERARRN IR ) 2 ITKIFE UL Z1(N—T v 7 AHIE) X Zs(fermion H &L 2V
F ) ITIKEL TVRWL (Y IUD), Thider AR ST, pF, 7% 2
BWTH (9.63),(9.64) IEFEBRIZENL L, FRUER Z3 BMF 5N 5 Z L3l
Zamd, &oT, &V 7 b OBl N YER R E M2 LI X, oo
DEDRTFDOEMBEL W L0305,

INT2WMWIEIZDWTIE—RTHRT &b, MR LTI, HOBER e
RYEI B e = e Zs2 B EHZ B L THUE. QED O 2 IRMEE LT
WEBEBEOBE T 2V F =5 R X BHEIL.

0B 0B
ig ig
k2 + e - k2 + e

[1— e*TL.(k*)] + O(e*) (9.65a)



P—m+ie P—m+ie
Z L T/N—F v 7 AMIEI,

[1—€Se(p)] + O(e?) (9.65b)

iegY" — de[y" + e* A (D, p)] + O(e”) (9.65¢)

LiR5,



