[ -T2 F RIS EE |
K EFEICPOIUTERSEFTE
I’ R
[B—i#] RBRRHHIMFITIIAI
[B=i#] TR, EREFSZRSKIHE, ZH(HR)RDER
[B=it] 2 R(HR) DU IBD I
[ mi] =B RRREEI D SRR
[FE=E#] B, R, Green &MF 55 Lippmann-Schwinger F#
KAz
[BE2Ci] Rrie-E-FIRIe P e WS

[#-e3#] Grassmann &9 B sz #7

[3 3 %]
% R (B 12 ) R B 3K S 4T

IR R

l

, SERRTEH R EHE

, Gauss ZX R MDA

I

SKER S - ERA

‘)u

, & Fourier i

H B

, ERMT YT/ IPETZ R Jacobi

—, ERRTWOD BRI ER



BHEAF K REKRY, BEDREF —/PMISER, TRERLET
e, WTUAESHERF. K KENR, HARPER, WH

K : Qo D>Y = K¢
v (x)=Keo(x)=[dyK(x,v)e(y)

XEB K (x,y) RR ERBBEKIRAR. MK (x,y) WRBERF R FER
HERMFER, REERHRNRI % WRMATHR, AT (x,y)
RNEFFR (x) B Green BE, BEHEWTHE,

R (x)K™(x,y)=8(x~y) (3.2)
BER, WRKOEBRENG FTRBRELWHBSER, N
K™ (x,y)= K (x-y) BtRZFHH Feynman £ T (ELE—EHAH
BT . ATEE#EHIX Green BECN

(3.1

1 i p(x=y) 1

(x,y)= X — —e 3.3
ARSI I(2) K (2}’ - in,) =
1, SriffRsr e
[Rﬂ] EZXEBRD | = ID¢F[¢]G[¢]§'& H-HRR
fos2Ellel s
MH D BB B H 40T
Flelsp)-- padta (3.4)
[o0 St Lol - oo lel
HEBA ;
(Flelclel) 56[e]| 5G[p]
El- [y j so(x) 5¢)(X)Jl_ "L 50 (%)

2, éﬁﬂﬁ%}ﬁ‘ﬁi‘ﬁéfﬁﬂ - WRITEIMNRREZRRD



I [n]= J' De exp{ij'dx’(o(x')n(x’)} exp{;—jdx'dy’qp(x') K(x'- y’)qo(y’)}

)
Sp (%)
AJUEA 0T 3 #R AT

I Do exp{ijdx’qz)(x')n(X')}{ exp{izjdx'dY'(P(X') K (x'- y')q)(y')}]

o
dp(x)
(&

)
exp{ij'dx'(o(x')n(x’)}J

(3.5)

WEEA ; m@ﬁ

exp{izj'dx’dy'gp(x') K(x"=y)o(y')+ ijdx’go(x’)n(x’)} =0

o
foe 50 ()
BINES z[0]HETH (=2) HEHILRARKIEH:

z[n]= J' Do exp{izjldx'dy’w(x’) K(x"=y)e(y')+ ijdx'¢(xl)’/(xl)}

= \/mlaﬁexp{_?ijdzdz'n(z')K'l(z'—z)n(z)}

(3.6)

TR

[ 00 5P| 3 18ee (X)X (= 7)o () 4180 (x)1 ()}
= D¢{ijdy'K (x=y)e(y)+ in(x)}exp{;—Idx’dy’¢K¢+ ifdx'wﬂ}

= ij'dy’K (x- y’)j' Dgogo(y')exp{igjldx’dy’go(x’) K(x"-y)o(y')+ iIdX'(ory}
+in(x)Z[n]

5Z[n]
ion (')

= i[dy’K (x-y') +in(x)Z[n]

= J'dy’K (x-y) 57]?)/') \/DIeTexp{_?ijdzdz’n(z’) K™(z'- z)77(z)}+ in(x)z[n]



Idyde(x yI)K ™ (y'-2)n(z )exp{ iJ'dzdz’nK'lry}+ir;(x)Z[ry]

\/DetK
= -ifdy d{K %) V(K" Jm( ) [dz 2 ) [i }
-~ (x)Z 1]+ in (x) 2 [1] = 0 UE.

EE, wiaba#RYrAR (35) FAAkA

i ( )
_J' Do exp{zjdx’dy’(O(x’) K(x'- y')(o(Y')}L&oa(x)exp{ifdx'go(x')q(x')}J

= —iq(x)j D¢exp{;—jdx'dy’¢(x’)K (x'=y)e(y')+ ijdx’¢(x')n(x’)}

=, Gauss ZXRMDitH I
1, fEATIE, THFIZE)LA Gauss BE ERASEFN.
(ZEBEERY (A NESHHRERE) :

( © n ”n
J I_weXp(—Ainin)H dx, = =
i=1
| . z" 1.
—A X X. X dx. = —a A
- 2o "X'Xj+a'x')1;[1 § \/detAeXp[4a a]

(ZEZHIBR) (A BISSHNIERNRAER) -

" d?z 1
exp( Z*AZ+ B2+ 2°B)[] —

i1 T« det

exp(ﬂ*A'lﬂ) , d’z, =dxdy,

[ =

]

|

1 "od’
J exp( z" AZ——ZBZ—EZ CZ'+a'Z2+2 ,B]H L=
|

|

|

eol® Alonliei® ) -
{ LA C)J LZ \A C) LﬂJJ

l
(£ Grassmann BiEM) -



Iexp(—%fAr]H dr, = Jdet A | A = -A, H dz, =dz, = dr,
i=1 i=1

(

|

| —

i Iexp(—%fAr+o?r]Hdri= detAexp[-%o}A-la]

| i=1

| n

|L Iexp(—r+Ar+0'+1'+T+0')H dridri*=detAeXp(0'+A_10')

Iexp[—fAr—%fBr—%fCr”+0;r+r+,3]l—n[ drzdz,” =

1/2 ~o -1
=Fdet|(B —A\|-| . j - l(B —A\l (a\l
" )] c) \-5)

2, FThrdg Gauss B ZIRFFIRBIZ ARG (x = (x.x, = ict) )

1

J'qu(x)exp{— %Idxdygp(x)ﬁ(x,y)gp(y)}:m (3.8a)

XEJE oy KIEEARIER 735 2 AROL .

A NEREXNAE, TEBBLETARXHNERM
[axdyo (x)K (x,y)e(y) EXF AT R AI IR [axe (x)K (x,x) 0 (x)
RIZE N o (x) KIFERERR SR, B U P IRIFERE R BIA IR #
PER S EZHZE—ANMEREZ B Jacobi, KRN EFRERE T
Ho X (3.8) RERITFIR detk = det(c ke ) LATERE. TRAR

ZAEBARN A BT,

1

J'qu(x)exp{— —j'ngo x)K (x x)qo(x)}:m
BEERAR RENAE L FELETRER R R EETEINE,

R B WA CA LIRS A Oh )

1

- A':To.'.ljl JZ’_;EXD{_ %g% (KiiAX)'¢i} = \/DeT
mIE—HR, SRR FR BTN A AL A PR B AR 2 B B0 PR J5 7o PR B AR

5



7 (BB R EZ AR Wi, RAHE RN AEREATFI M
TRREHEFFTIIRMEES . WA ax B SEERFTI AR S
BHEZzH. KABESE

ID¢(x)mm{—-gjdx¢(x)K¢(x)}=‘J5%E€ (3.8b)

B2, FExBUES LKA FREBLT, BERE  (x) X H/EEE e (x)

IR FAMI S T3S A ERE: B R WEE RS e (x) MEFA S TIE M

FERE; TOZERBZEIAS, ERF R KIERTTRME Ko (x) = [dyKk (x.y)0(y) o
3, EhrY Gauss BIHEFFIR —IRAYZ MRS

Lo()K o (x)+3(x)p(x
IDw<x)exp1{Idxexp(—2¢< o (x)s1 (00} .

=Wexp{ijd(xm(x)K*(w)J(y)}
WU 0 ISR A 2E ) - o BT EHBISR (3.8D)

sEon: KR IR R R ERECPB S O
RIFIZ BR Jacobi % F 1, HEHIRERA) -

o (x)—> fI)(x):¢(x)—J'd4x'K'l(x,x')J(x')

TRE
i§ij¢qu¢(@=
=€§Id4x[¢(x)—jd4WK"%x,ij(xﬁ]ﬁ[¢(x)—jd4xﬂ<4(x,WQJ(x"ﬂ
- = [a'x0 (x) Ko (x)+ 2] 8" () K (x,x) 3 (x) Ko (X)

+%jd4(qu¢(x)kx-%x,w33(xq

—%Id%xﬂij*(&ij(W)KK*(KxﬂJ(xﬁ



=;jd“w(x)k¢(x)+%jd“(xx')x-l(x,x')a(x')m(x)
+§J'd4x¢(x)J(x)—%jd“(xx')K'l(x,x’)J(x')J(x)
TR R (x) F& 0 ZpimTH, M L3RS PIK, TR 51
B, BEHIHESE. BENUBRESRELD, ETHEN:
_71J'd4x¢)+€¢+.l'd4x¢)J=%Id4xd)(x)lid)(x)+§jd4(xy)\](x)K'l(x,y)J(y)
BHERADER (3.92) RELWHEE, HFIH (3.8b) K, HIE
J'Dd)exp{_?ljld“xcb(x)Iid)(x)+%jd4(xy).](x)K'l(x,y)J(y)}

1

mexp{%fdA(xy)J(X)K"l(x,y)J(y)} L,

BJ5, VLB B Jacobi N 1. BIMEXT 5 BHILRE, BT

50 (y) =5ij5(x—y)=5ij<x|f|y>

?%JL j _exp trInI —1. (3.9a) RHEEESE

ID¢’ exp{ Id(xy)¢ )K(x,y)¢(y)+ijdx¢(x)J(x)}

. (3.9b)
R EAEAR: FRENRERETE. &
R (x)=]6,, (8077 =m?) =007 ], M7 > M7 (1-ie)
JI] oe exp{lfd“x[%B” )K . (x)B, x)+J”(x)B”(x)”
. (3.9¢)
ex — D X,
‘DetKﬂ p{ 2 <), (y)}




(3.90) REIMAEEH o6, _D[ j‘_} ElNE)

2
Ie,“,DF(X,y)M=i5M5(X—y), DF(X’y)M=—iI 4ei X-y Aﬂ
(27) ook,

R, (R) (.¥)= 8,8 (x-¥)

4, ErpEi

j'D¢D¢'exp{—jdxdy[¢+(x)A(x, y)¢(y)+§¢7(x)8(x, y)e (v)

+%¢+(x)c(x,y)¢3+(Y)}f.[dx[y(X)¢(X)+¢+(X)J(X)]}

-1/2

| (é A\ (B X,Y) ,&(x,y)\_lf\i*(y)\
[detLA éJJ exp{ _[dxdy J (x) J LA X,Y) C(x,y)J LJ(y)JJ

(3.10a)

(ax)°

dede” , A(x y)= Ay, x)o
2r

XHERMEADeDe" =]
SEER:  (3.10a) RRHREEMAEESEFLKIE . LN

(B(x. ) o (y))
.[ququ*eXp{ Idxdy o(x) ¢ (X))LB(X i; 221 y) JL:((yy)J

- ( )
+ Idx(J"(x) J (X))L;Jr((yy))J}

FH 39 R, &

-1/2

(1. re A . - (B AY (3 ()
ol 2 e sl JenfZ5)
UEEE.

(3.10a) REAEH R EHREY: A(x) = —i(aflx)z—mz), m?> > m’-ie,



ID¢D¢‘exp{ijd4x[¢*6i¢—m2¢‘¢;+J‘¢+J¢‘]}=

L (3.10b)
exp{—fd“(xy)J'(x)AF (x,y)Jd (y)}

= |Det (8%, -m"?)

HAETE N DpDp” = jﬂj**’_ FAH

A()AT (xy)=8(x=y) > AT (x.¥) =Ac (x.Y)
5, Gauss & —IRFFIK Grassmann $7Z BRFR 4
[ ow Dy7exp{—jdx z/7Ky/} = DetK (3.1
SEA: XREPESLTTT HHERE, 7T HHENAEREES .
6, Gauss Z —RIEFIR Grassmann FiZ RFR 4
WA (x) REERL, "TIER

[owpwexp{[dx[-wKy +7(x)v (x)+¥ (x)n(x)]} = (3.12a)
= |DetK|exp{J'dxr7(x)K‘l(x,X)ﬂ(X)}
517
Jowowexp{ifdx[ -y Ky +7 (x)y (x)+¥ (x)n(x)]} = (3.12b)

= [Detk[exp{-i[ dx 7 (x) K™ (x,x)n(x)}
SESA: FERPTEF (BUE—AHERBEEE, ¥, My BIF, RMiXe
Xt AREREE) » HERE K (x) MR AR, TRERE
fi A FRAR B DL A S BIA]

Xk (x) REMFHER, B

foyoren(ifa- Fhy 70w (=7 ()=

=‘Det|€‘exp{—iIdxdyﬁ(x)K‘l(x,y)n(y)}
Iﬁtiﬁﬁﬁiﬁf?ﬂ%lﬁﬁiﬁ ()——(yﬂaﬂ)+lc),lc=m—ig o
K=K (x,y) IENR: HEARK (x)5FTs(x-v), B




K(X)K'l(x,y)=—(y a(x)+rc)K"1(x,y)=5(x— y)

1 d* -1
5()(_ ) J' p P( Y)

K (x) 27)’ g+ m(1-ig)
SR XATERBERE T, & XEF v (x) KRS T30 MR
MR & 5 SCRLBTTEAUA . EBI L EBAAREAR,

=

= Jowowexp{[d*x[- 7 (x)(= iK (x))w (x)+ (iT (x))w (x) + 7 (<) (in (x))]}

KT (x,y)= —iS. (x,y)

= |pet (=i ())exp{J 8 (o) (17 (x)) (= 1K (x)) " (i (1))}
= [petk (oexn{- ifa* ) () (K (x)) " m(v)}
= ZE&Ks- B
1, &Ko - REEFHHIER
I, BB—~FPRKEK
5[Q]=1:[5(Q(x))=J'[Dg(x)]exp{ijld“x'ﬂ(x’)f(x’)} (3.13a)

=)
slo-v]= I:[6(¢(X)—w(><))=I[Dé(X)]exp{iId“x’(w(X’)—w(X'))cf(X’)}
(3.13b)
HE
[peFlelo[e-v]=F[v] (3.14)

XF Gauss BIZ B F [p] 1B, (3.14) RATUUEBIEHIMT:
SIEEA ; &‘}zgﬂF[¢]=exp{izjd4(xy)¢(x)K(x—y)¢(y)}, BV BR T

P2 i s - REBOHMERZ BRI, A
Fid=

10



=J'D¢exp{izj'd4(xy)¢(x)K (x - y)¢(y)}.l' D§exp{ijd4x|:¢(x)—y/(x)]g(x)}
=jDfexr){—ijd“xw(X)rf(X)}ID¢exp{;—jd4(xy)¢(X)K(X— y)e(y)+
+ ijd4x¢(x)§(x)}
=J'Dgexp{—ijd4xy/(x)f(x)};Aexp{—;—j'd“(xy)f(x)K'l(x— y)g(y)}
4MDetK‘

=;I Dgexp{iEIdA(xy)é(x)l:—K_l(X— y)] 5(y)+i.|'d4x|:—y/(x):| ‘f(x)}

~

‘DetK‘
Ryl
=exp{izjld4(xy)y/(x)K(x—y)yx(y)}=F[w] iEEe,

HANZ B s - ¥ L (3.13b) KAT4, ZHs - RECHBERE.

I, B=FpEAKX

s[F,le]l]= IX—[ s(F,[e])= lim exp{— iz Id“x(Fa [¢])2} (3.15)

WARK Gauss B2 s - RER AT BN Fresnel BIFRRN. &
SRR o NIRER, NAIDFBEEE T o RA,
SEEA . BRI s - B Gauss BRRHET B Fresnel BFER;

ei”/4

6(X)=Ibi—r’]g,\/j;_be_>(Z/b_)5(X)=Lm\/7[_be_iXZ/b
FRA
[ 2
o[ [N =TTo(R L) = imes| - (E ([0

11



;Id“x(a[wl)z}

timen| 8 [ (R o)) |
XEBEE “«” SH—HPBET s - BB S5RE, (x) TR EHRH
F, FRESEERZ RS EHE— R Y0 Xt B FARYE -
2, ZHs- BEMERERH

i, s - RECHERE. BEA
slo-v]=6[v -0 (3.16)
HE—MRER (3.13b) W4, XML FIZRRSBHMTR
£(x) > -¢(x) B, BMOBEARE. IRFER, MUBREZ RS
ETFRR#3EE, BrEAA [[ps(0)]=[[p(-£(x)]-

i, ZHs- BEHHRERHR
5[p— Ny ]= || 5[y - N o] (3.17)
i?\:E(s[qo—My/]=1‘x[5(¢(x)_(w)(x))o

HEER ; ﬁfg{g{[‘l\h v (x) > o(x) (EIJMW=¢) ’ F[¢]=F|:¢[w]:|EG[y/]o
By My AR My - ¢ FER—HRESX, HZKs - BEEH

A~

[Dos[p-NMy |Fp]=F[My ]

[fov o[- i ] lv]-c [ ]
TRE-XWELMEDSHET

f FIMy |=F[p]l=G[v]-c[M "]

|
o

6[¢— My;]F [w[w]]:IDy/‘Detl\ﬁ ‘6[¢— I\?Iy;]G[t//]

S
Det—(o
oy

5E KM, gk “0”, BIF 3171 K. ERE

12



FR, - BEEHTEE LT KSR
s[o =iy =TT 5 (s (x)= oM (x=y)w (v)) = [pethi | 6y —1 "]

~[Dew ‘_111 5(v ()= [dym ™ (x=y)o(y))
- [peti [ [ pgexp{ifax[[ M~ (x=y)o (y)dy-v ()] £(x)}
(3.18)
RELEER EREBN. FASMERZEF (0], o - REEN:
[DoFlpls[p-Ny |=F[My]

A—H, WEZRFSZHENs - RPEREKE L, EREDLR:

Jov Detg—ZF[cf’[W]]‘?[WW]
- J oy [oettt[F [o v 1] [0 - ¥y ]
-[ovFlev]]s[y - e]-F o[V 0]]
=F[I\7II\7I_1¢]=F[¢]=F[I\7IW]
m, & Fourier &k
1, & Fourier #5E 3

B, T Gauss BT RS AR,

Z[n]=ID¢exp{;—Idxdy¢(x)K(x—y)¢(y)+ijdx¢(x)n(x)}

(3.19)
1

\/DeTexp{_?iIdxdyq(x)K'l(x— y)ﬂ(y)}
e— =& Fourier 23X . FRINEH - RBPIBEIRZEF (0],

Fle]= exp{;—jdxdy¢(x)K (x- y)(o(y)}

B R o (x) B Gauss BIVZ R F o], RIs=& Fourier Igisay iR
&, AiEERHNEREINEERE, (x) B Gauss BIZ K z[n],

13



FsZ & Fourier Zey =&, PR, XHMZHZEFIREN:

“ERz[n| RERF [p] 4y Fourier &, ”

E_‘ﬁﬁmﬁé’ */,J_\':

“J'D¢¢(X1)---¢(Xn)exp{;—jdxdy¢(x)K(x— y)¢(y)+iIdX¢>(X)ﬂ(X)}

pr— 1 5 coe 5
\/Detle ion(x,) ion(

AEART MRy (x) 8 Gauss BEXBRTEHRTIHERKg(x) 89

. )exp{_?ij'dxdyn(x) K™ (x- y)n(y)} (3.20a)

Gauss 24X &%
Fle]= ¢(X1)---¢(xn)exp{%fdxdy(o(x)K (x- y)gp(y)} (3.20b)

9 Fourier &%, ”
— &P, [=& Fourier & X]:
“ORTEZRRD 2 ] FE,
Z[n]=[oe(x)F[o(x)]exp{if dx'o (x")7(x")}
FONBUZ R 7 [1] 2025 BZRF [p] 4 Fourier ZEMBZER, ”
2, BI%. fERE I Fourier #HAM s - MEHK—MAH, RiEm
TEw: ERERHR

¢ (x)=My (x)=[M(x,y)y (y)dy
= ¢, (X)+y () + [N (x.y)w (v)dy

=c,(X)+w (x)+N[y]

ZF, B FRERRHEHR

14



IDq)exp{;—Iw(x)K(x—y)¢(y)dxdy+i‘[dx¢)(x)3(x)}:
=j'Dnyet{l+%jexp{%J‘(My/)(x)K(x—y)(l\?lyx)(y)dxdy (3.21)
+iJ'(I\7Iy/)(x)J(x)dx}
SEDA . WHATHIIRRER Gauss B, RoH & B Fourier 38

¥ B AR HFE Fourier &R (3.21) WK R REBARSEEIT .
B, SEREAFRER GefEips)) BEH, RERE [ £

exp{ [o(x)K(x- yq)(y)dxdy}
MERALRER GEEr[9]) WERE v
"[v]= [ D3-1'[3]-exp {=i] ax3 (x)w (x)}
_[ow [ D3 Det{1+ﬂJexp{%I(My/)(x)K(x—y)(l\?ly/)(y)dxdy}-

oy

exp{jJ( [ (M )(x)-w(x)}dx}

=J'Dy/Det(l+55—Njexp{;—I(My/)(x)K (x- y)(l\?ly/)(y)dxdy}-

v
5[ (Mw)(x)-w (x)]
=IDy/Det(l+%jexp{%j’y/(x)K(x—y)y/(y)dxdy}.
S [(Mw)(x)-w (x)]
=ID¢exp{ I"’ (x- y)y/(y)dxdy} |:¢(x)—y/(x):|
=exp{;—jx(x)K(x—y)gp(y)dxdy}
A, ZRMDHEKEFSZER Jacobi

1, ZERBSRIHZH, 2K Jacobi

15



BRIERBBI M : 0 (x) > v (x), ZFRe(x) HFHEY (1)
RSB LR
0. (x)= [ Mo, (x.¥)w, (v)dy = (My (x)) (3.22a)
«, s ANE. SMESHH BRI S BHR. EHZREHEHRT,
Z RGBSR

JFle. (I Po. (x) = [ F v, (1] {%ngﬂ(y)
BT R A LR BN
Dp (x) = HWJL) Hfm((xx)) gxdchy)
Do (x) =|Deth | Dy (x) (3.22b)
JFle. (I Po. (x) = [ F v, (1] {%ngﬂ(y)

RE—PESREN

( . x)\
L?ﬁfmrwx’”*

et Gt R

= exp{tr In M } = DetM

F&, 2K Jacobi AN

J(%\_ (Det|\7l =exp[tr(|nl\7l)] for boson (3.93)
L&”;J [(Detl\?l )_l=exp[—tr(lnl\7l)] for fermion .

B2, EETHDTHRT, ZERBRSRREEEN
Z[n]:ngoF[go]:IDyx‘Detl\?l‘F[l\?ly/] (3.24)
XHBp(x) 5y (x) FIRFEH (3222) XRE.

16



2, TF/MNZBAS, 2B Jacobi
RGRHHIBNR T T PR RZRS, v S TIES
BN =i+ A, ARTHEIDEZNER, WRZEBHIIE. X
A BT Jacobi fEILAL, AT BEE FEREX:
exp[[tr(In W)= exp| £ tr (in( T+ A))| T exp [+ rA]0 T trA

BET%E, HWEF/NTEIZ R Jacobi N

(5% \D I +trA, for boson (3.25)

J
L&I/ﬂ | 1-trA, for fermion

#®: ZH[pyDy [ DB, F(v.v.B,) AR THERH

[

|

|

J|V7(X)—>V7'(X)=(1+E/1(X)]y7(X) (3.26a)
I =

\

TR, uxty, &

v'()=[o (=) 1720 Jy (1)3"y

<x||\7| |y>= M(x,y)=6(x- y)[l+§l(x))
23]z

<x|l\7|w—1|y>= A(x)6(x-y), fory —4dim

( 3

| 2
J<x|l\7lw—1|y>=§,l(x)5(x—y), fory —4dim
|

|[<x|l\7IB—1|y>=,1(x)6(x—y), for B, —4dim

17



M, -1)=4- gs(o)jz

tr
v

v

tr(MB—l) (0) [ A (x

i

Jltr(M =4. gs(o)jz
|

l

(x)d*x =65(0)[4(x

(x)d*x =65 (0)[4(x

)dx = 45(0)1,1( )d*x

BiEHA (IS boson BY, fermion T 5E)

3(4)=(1-66(0)f2(x)d"x)(1-65(

U1-85(0)[a(x)d*

FXA()RZESH (XREFEFER , WF

5 (o)
84 (Y)

=-86(0)

(0)f4(x)d*x)(1+45(0)[2(x)d"x)

(3.26b)
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