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2 JEEE R FIEN Noether 13

BRGHMEREEERRER(FE) X (" ¢, ¢ ) R, H Ostrogradsky T #
5IA @, FIIEWZHE x." , RE Green o M R 2 A A LTS R
Z[J.K] = J.’]go‘:,).@nl”exp{ijd‘x(5{"') + Ligly + Kfrrt,”)} (2.1)
B o xlg - H S EM R SR, S K R, ol RS
Ry RS A ) 5T N E AR R

f x;‘ = x,u +Ax/x = x# + R;‘e’—’(x),.

ot (7)) = ¢, (x) + Agl, (x) = @7, (x) + Sie’(x) +Jd‘yﬁ‘(x,y)A‘,’g()’)ed(J’)»

_ 7 (x) = 2l7(x) A (%) = 2 (x) + T (x) +Jﬂd4yF(x,y)B;,(y)e°(y),

(2.2)
W E(x,y) R F(x,y ) WA ERE R, S, T, AL HI B, AR IBH" e (x)
(6=12,  NAXF/MIEERYE, EMMEALAHBHENTSERYAR EAF. £Q2.
D) TEHT R ENERRYEE R

Al = AJd‘x%P = Jdde,e"(x) . (2.3)

b U, WEM WA ER S BEHM Jacobi THIRIEH Jo,n,e]l=14+J o, n,e];i
LI o 91 1
ZLJ.K.e) = Jy#’“«',)f/’fi”(l + ], +ial + in‘x{]f,SqO"(,) + Kon)” +

0, L0gty + K ) ax 1 eplifda( 2"+ Ligty + K] 28)

Sop
- o 7P r . ‘o) .
YA d‘x{%b‘(ﬁ{,) + 8—111y87r1” + D(x"8¢;,,) + 2,1 (=, ‘0% = A )Ax ]},
o 8(/9(0 87(\:
(2.5)
31" S SH.  &1" . 8H,
- - v _-'—"y*—'_*: a, - " 2.6
S, T The, enl T T 5 26
8¢t = 8¢, - @i, 00" 8 = Ay - 2l Ax, (2.7)
D=d/de, H. HIEMSHEEHE . R S (ODMAREMH H(2.3)—Q2.5KX A
R PrN 8l . 31" isl {9y a T
J_/gc.lﬂ_/rr,, Jd x[aﬁ‘)ow,; + 87(‘;”87(“ + D(=."8¢l,,) - U’ (x)
exp{i[d‘x(%" v Igh K‘,’:rf,”)} = 0. (2.8)

QXM DARAQYOA, M SMABRFEXMIESBRI A < (OWBFR
O S (ORZREH B
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a oy k] -ﬂ 81? e SIP
J‘@¢(J)%”i){sla(x)8¢z)( ) aaa (:)(x)
81"

R"(x)[?’(),‘(")a 70 (%) + ”()(f‘)—mﬁ

jd‘ A,,(y)( E(y, ac)8 ()l(y)

D(frf,‘)(y)E(y,x))) + B’;,(F(y,x) 8_7r?(—y))]_ Z/,(l)} .

exp{iJ‘d‘x(,%" + Lol + Kfn'f,'))} = 0, (2.9)
He S, T, R AL BLAIU, 8% S, T, R A, ,BLFI U, MPAERER
HQRIOXEXF LR n KEEMBE,iL ) =K =0,78

e 85 s 8 . 81 np 31°
(orr {S"W*RW‘R’[“"”*W“‘ SEoall

I +D(7ri"E(y,x)))+ B, (F(y x)ﬁT)]- U (1)

()
¢ (2) ¢ (2,) ¢ (x,)1 0) (2.10)
Hep 7" B -FfsEmet ®m" . BE ¢,ik

Liaty s ol = Ol s lngs ™ sty >—%.

Jd"y[A (E(y x)

FREQ.10)K e H"

81Ir -, oI u 3r o oI
690‘:,) + T‘ 5-7—)- R [59(.) P aqp + T, W] +

jd'y'[/if,(E(y’x) :

(out, m ‘ {S",',

I, +D(7r(a')E(y,x))) +
8?(»)

n-m,n) = 0. (2.11)

- s8I -
BM(F(y,x)W)] - 0.0}
BT m,nfEE NQIANK, B
3 st 5, 8I" i (s)

31 31" - sI
s “" a 2 4 e
“ Set s + T, 520 T R [SD(‘).,, 8_—50‘}',) + T W] + Jd y[A,,(E(y,x) 5y

D(rr:”E(y,x))) + B;([«‘(y,x)g(;)] - U,(1) = 0. (2.12)

(2.12) AN EMN KB REAIEERAEEHERT W& IE W Noether i % X .
MYEREGMENTFHRE KL, H Green RBMMEZ B4 BEZRAEH'

z[J,K] = j:ﬂgazl)@n‘,”exp{ijd‘x(z; + g+ Kx)) (2.13)
o
Fa = F A+ 3 [dE (D {0(2), 8.1}, (2.14)

Moot RER(pl,),CrCasd,). MEB_KARRL, (OIRBEFAE LUK, M
—RARARE, O QEFEE - LARMABEMA" |-, | RFEHH " X Poisson &
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F,C(x)M C,(x) M Grassmann BB FH A, () ARFH. RN EMRKRBRA T
B HUEATHARIKERSE, R TEBERFEW Noether 18 F X (2.12), HUEH #H 1
B 1"y R T X8 (2.2)8 Jacobi TR RE N 1, B F IE W Noether fH % &
B R SL .

3 ABAERSE

BN BEARATREN XAERREWRLE"  REAEHBRRS R T, TH
FPHERLHR. REGRERTHREBREEN F= Ko, 0, ., @), ERIEYK
MBEHRE AP BB REME SR Green BB ERIT F R

z[J] = J'.@q:exp{i'[d‘x(‘%g + Jgo)} ) (3.1)

HP JHe R, L= F+ %+ %, ZARBEETH, EERABEBAX, %, W R
SR
BRAUESEFMES NERMEETHESR
¥ = 2+ Ax = 2+ R (%),
(3.2)

o' (x') = o(x) + Ap(x) = ¢p(x) + S,el, +Jd‘yE(x,y)A,,(y)e"(_y) ,
HA RS, A, ARUBMAPER . (ONEFMMERE. ECG.D)RTHT  HEXK
ERBRMEERY

Al gy = A‘[d‘x‘%m = Jd‘xV,e"(x) , (3.3)

He v, WA B HREBY Jacobi TR RN Joel=1+J{¢p,e]. #(3.2)
XE®BRT ARIZRY
Z(J,e]l= [990{1 + J, 4+ 1014 + i[d‘x[.}&go + r),,(]goAx")]}-

exp{i‘[d‘x(‘%gﬁ + ](p)}, (3.4)

H"P 18,

Al Jd‘x{a(;?'ﬁ[ (S, - ¢ R)e"(x) + J‘d‘yE(x,y)A,(y)e"(y)] +

eff

JP(jf,‘e"(x))+(7#[2HMM)JV(M,Jd‘yE(x,y’)Aa(y)e’(}')]}, (3.5)

81:1‘! ( l (7%
S22 (=D, Za T, LA e 5 > (3.6)
\ ' ' " ”"!;i%.‘m TP, utm
- = mEAR
N-l
] o wlm) ‘
]: = S{rﬂ"(:v + Z: Heﬂ Jy(m)(sa - (P,pR:) . (3-7)
m=0
(m N-{ms1)
peim . cw(m)i
ML = > (=D, %, (3.8)

(=0



1218 BHEYwHES5 8% E (HEP&NP) 026 %

H(3.3)—G. DR, EED & ()RARKMEH

J.’/gojd‘x{ssl;[(S,, - e R (x) + Jd‘yE(x,y')A,(y)e’()‘)] - Ve'(x) +

2| ;ifu|[fr‘r'""amjd‘yf:(x,y)Aa(y)e"(y)]}exp{ijd‘x( Vw4 Jp)} =0, (3.9)

#5(3.9) X o 55 A B 1 S O LR AY R LAY MU & CoO M ARG R ¢ (o) RiZ
o R L 1
1 Sla & 810 ‘s 5l
N[./q){b,(x)w—R,(x)(¢ﬂ(x)w)+Jd yA,()’)[E()’,x)W+

(7/‘(ijl—[:(m,{L(m,E(y,x))] - Vo(l)}exp{ijd‘x(%,,, + Jgo)}: 0, (3.10)

Hoft S, R, A, RV, 8RS, RLA, MV, MEREE AT
BOGI0O)RETF J(x)KR n KIZRMBE,iE J=0,BE ¢, Fib ¢, 6.t t00,
tyoyeat, - KUFHE2HHNES,AE
= Blcﬂ D 810“ 4 3 | 8’«4‘{
L‘,(—B—;)— R,(ga,,, 3¢)+Jd yA,[E(),x) 3¢ *
a1 0w B 0)] = ¥, (3.11)

(3.10) 58 A 75 I 0 3 S 3 K 5 R 46 76 £ T8 % 1] o 5 S8 A0 0 S S 4 T 49 B F Noether fH
SR ERERLPRERAUCENERENR L, TiARERMA AR 1.

4 EFFiEE

H BT Noether HER AR EEHT, IS B R FFHEE. AHHERL. HFELR
2.2y ax =0MEE M
S, = aj, +ald, +a;d,d,
1o, = b + b9, + b7d,d,,
HP %% o Wb SHR, o o WEK. £Q2. DM DRAMEMR T, 2.3+
U, M

(4.1)

U, = u, + uld, + ud,9,, (4.2)
Bt w, uf Mu” B x, o, Mool 8eR8. st & F E R Noether 1% 5 (2.12) N

31 ( LY ) ( 81 ) 81" 51,
LB, [ [, s aa e =) e b, —y =9 ( p— )
* 3¢, 2 3¢, t e d¢ty M TE A\ P st

w Ol
J#JV( b:; W?‘,) = u, - (‘)Ful; + f‘)/‘(‘)yu:v_ (4_3)

HQOMG DATHRT ARENEMBYEE, AEEHERX
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81:-.({ ap am a BIrﬁ s w suv s

= (a%, + a%d, + a*d,3,)e"(x) + =y (b, + b2, + 620,32, )’ (x) +
890(1) i ' aﬂ'a - !

Dl She’ (2)]) = (u, + uld, + ufd,2,)e (%) (4.4)
H(4.3)AFk ¢ (0), X o KAKEH4. )X HMW, B
S1% 51 ( S1% ) ( 314 ) ( I )

(7 ap o W () agu _ apv (7 (7 bs/u hilk _
,u{[am 89’32{” + bna 8"1:) + v a, 8¢?‘) a, Bgou(r“ .+ v ao 87{;1/

\\'"_ s |
of, ")

. {3!‘: \ o ol L3 - i Y
(:’J - rr-‘, = ol 4 dul = ulfd }E"l_ x) + [)[ T, B E (X _:'} =0, (4.5)

Mt 18 o <F i

0 = | d’ xj,e" (x) = const (4.6a)
jo = 6 = + b =7 + 9, [ a,, T_] = ( By miE +
. S 0@y ©oom, 0w, \ 0@,
d 1 b 5t ] - ' bY — ]J, P TRl I T 7 T (4.6b)
L 0%, | \ OF .5 |

YEHEBAETH B (o) =0 (x), Kb el B, O () HEHE R, BT R F
RS
Q, = dez xj,{'; = const . (4.7)
4.0 MA@ NAN, AHFARENRTFEZHFE. RERGwRFEzh TR,
Sl 18¢S,, =0,81/dn" =0, (4. NAF B AL (B TFHEE. YRLEMA TN
AR L ERTEHR T AT RN (BB FTEEN
Q; = J‘daxn'i')Sf,C: = const , (4.8)
HES R N REREW (BRI TR TFEARSY . XBA LM RE FFHEAROR
A E FIEW Noether(5 )T HTE£AME.
MM REAEATRE, EG.2)A P A" =0,E=0,T S, =a, +a.d, +a’d, 0
(3.3 V, =, + 02, + 000,09, A3 11) R &, 2 bl st 0] 19 98 <F 4 1

N-t
! pvim 81 81 81
a \‘ J(.) s M eff J ( wo tf) _ ( v eﬂ')()
“{[ ”al'_:JO‘I—]".“ Limi e Ay S(P + .V a, 8? a, 69//\ .
v+ A - vf,”fl]e”(x)} =0 (4.9)

Heo(x)=ef8 e WBER FMAGME LB H B L /Be=0, 4.9 THELMN
(55 )& T,

5 HHREIE Abel CS it

CCHRENMUEBT HAIBUNERBHESTHEENA. BHMEQ+ DHHEF
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Abel CS HHi%h A; ST o MAMTKBHE K™
Cl
n

l v (b4 a a l a < +
DFLDF” - R 4 Ko (0,4 4 3 filiA) + (D,0)° (D),
(5.1)

HF P =040 - 040 + fudA,D, HIERA, T L NABBOGH K. RFALTF
HERBEAEER o= 7 (n ABH™ . 848 Faddeev-Senjanovic B T 1L Jy K & 5t Green
B 0 425 ) RS B TS

201 = j@A;@P“@B;@QM%@K‘ Do DR DCIC -

£ =~

exp{ijd’x(.%,,; + LA+ BB o+ ]+ @ )+ 1,,C 4 z"']h)} , (5.2)
Hep P, Q¥ n " Mo 3B RNA B =A, o Mo WENSHE,A()NRTH, C(x)M
C(x)} Grassmann TR R, M

Fg = L+ F o+ oy (5.3)

FP = BPY + BQ¥ + o'+ 1" @ - H (5.4)

= _ L ay2 _ L # 40 )2

&fs-—zaz(ﬂz) "2a,(a A))?, (5.5)

Fy = -9"C°D,,C, (5.6)
a a a a a a 1 a 1 a

Foo= ApAY L 20AN L 547 - 270(0(,)2 - 2—0[1(0,)2 (5.7)

Hebt A =0 WBE—HHH, Q) WRBEM.
%8 BRS £ #%

d3A: = - D, C’, (5.8a)

8¢ = - itT°C¢,8¢" = ize" TC, (5.8b)

1

5C = lﬁ,c"c,ﬁ(:“ = —3"AS (5.8¢)
2 a,

Hrh 3 Grassmann 28 (" (2) = cC° (%)), 7" A/ BHMERIT. & BRS T#H T, i
L Ko FRENERBREER P RAEW TS —RARE A WERT FETH
FHEMm. 0%, ~0, HLZEBRS EH T, I, RENELEAETN. EHRBE A, B
(4.8):,18# F BRS ~FiE &
0, = szx(RJSA: + QU8B + '8¢ + 8¢’ n + R,5C + 8C°R,) (5.9)
HY RLR HHRC,CHENZE. HEROTHETFKFKIER Noether(F -)F
3t
MBALX AL, o Mo #E(5.80)F(5.8b) B TR ¢ MC KT, FHFAMH
HA, 2 HEE
8%q = We'(x) + f23°C°C e (%) (5.10)
Hep W, R T (x)BIME . d1(4.7)R, 88T PBRS T H
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0 = szx(P:SA; ¢ QESB + nBg + 8p - fL0°CC) (5.11)

HATE R Y (5.9) KX AR .
LRGERGATAEINTHFEBY . M FPHE ,F Lorentz B T, S K
FRhNEKREN

Fg = F-3CDLC - %(am;)’. (5.12)
a
AHERAE, EXAMATRIZ ISt IR R RIS E F T8 F R
8/1: = D,':,s’(x) s
d¢p =~ iTee’(x), 89" = i@ T (1) ,
8C" = i(T,);C (x) (5.13)
8C* = iC*(T,)pe (x) - inaon(x,y)J”[Eb(y)(Td):a"e”(y)] ,
ﬁqﬂ A()(xvy)ia'%

OAa(x,y) = id(x - y) . (5.14)
M E T Noether tHER (3.11), %
A 814 81, ~. ol 4 ) &1,
(8 ( ))T’¢(x) +l¢ (x)T’(B + ( )) Dau(aAa( ))+ l(Ta)b SC’(**)C (x)

iaw)(r,);ﬁ o [ (0|2 ( )A (v.0)] = Lbyor@a, (s.15)

Hef
N(x) = a,[C(=)(T,)09) (5.16)
D =-83, + fLA. (5.17)
EHEART MARENBETEH R, HG.15RBEF TR
_ B
0 = szxJ-dJbe(x)(T,):J,O[Oy“(gz.,,—)z)o(y,x)] . (5.18)
BGADRAGIAR, B
Q = [dzx[d’y'a”(x)(T,);‘(J”D:C')O,UAD(y,x) ) (5.19)
FHMHE TFEBOTEA TR/ T Noether(55 — ) FH .
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Non-local Quantal Noether Identities and Their Applications

LI Zi-Ping
{ College of Applied Science, Beijing Polytechnic University , Beijing 100022, China)

Abstract Based on the phase-space generating functional for a system with a singular higher-order
Lagrangian, the quantal canonical Noether identities under the local and non-local transformation in
phase space for such system have been derived. For a gauge-invariant system with a higher-order
Lagrangian ,the quantal Noether identities under the local and non-local transformation in configura-
tion space have also been derived. It has been pointed out that in certain cases the quantal Noether
identities may be converted to the conservation laws at the quantum level. This algorithm to derive
the quantal conservation laws is significantly different from the first quantal Noether theorem. The
applications to the non-Abelian CS theories with higher-order derivatives are given. The conserved

quantities at the quantum level for some local and non-local transformation are found respectively.

Key words theory of higher-order derivatives, path integral, Noether identities, conservation laws,

CS theories
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