Chinese Physical Society
ME#E Acta Physica Sinica :

€D Institute of Physics, CAS

BR8] & HIAR ENEF1L

X EEH OFAKE BEL

Canonical quantization of classical fields in finite volume

LiuBo WangQing LiYong-Ming Long Zheng-Wen

5| Fi{5 & Citation: Acta Physica Sinica, 64, 100301 (2015) DOI: 10.7498/aps.64.100301

FE 251515 View online:  http://dx.doi.org/10.7498/aps.64.100301
AP 4% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/110

AT RE R B B L&
Articles you may be interested in

BT AR A — 4 5 —4EMUN B ) rR LU PROE SRR T

A new fast algorithm based on compressive sensing for composite electromagnetic back scattering from
a 2D ship located on a 1D rough sea surface

VP22 4%.2015, 64(6): 060301  http://dx.doi.org/10.7498/aps.64.060301

LSR5 AY RPN S S s K N E R NG ER A Gl S VA

Electromagnetic scattering from missile target above sea surface with finite element/boundary integral
method

YH4.2013, 62(17): 170301  http://dx.doi.org/10.7498/aps.62.170301

A B[] Dirac 37 1 1E U & 44
Canonical quantization of dirac field in a finite volume
PP 22 4%.2013, 62(10): 100305  http://dx.doi.org/10.7498/aps.62.100305

— M I AR 51 B AR A i
On the creation of spacetime volume and gravity in loop gravity
PP 2E4%.2011, 60(12): 120401 http://dx.doi.org/10.7498/aps.60.120401


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.100301
http://dx.doi.org/10.7498/aps.64.100301
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I10
http://wulixb.iphy.ac.cn/CN/abstract/abstract63697.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63697.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63697.shtml
http://dx.doi.org/10.7498/aps.64.060301
http://wulixb.iphy.ac.cn/CN/abstract/abstract55221.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract55221.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract55221.shtml
http://dx.doi.org/10.7498/aps.62.170301
http://wulixb.iphy.ac.cn/CN/abstract/abstract53786.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract53786.shtml
http://dx.doi.org/10.7498/aps.62.100305
http://wulixb.iphy.ac.cn/CN/abstract/abstract17857.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract17857.shtml
http://dx.doi.org/10.7498/aps.60.120401

) I8 ¥ 48  Acta Phys. Sin.

Vol. 64, No. 10 (2015) 100301

BIRZ B P Z HIFRVIEN & FIL°

AEh  EEY

Z 7K B 3)

el

1) (AR TR B S i FRERR &R, JE5T 100029)
2) (FE KPR SRR, 5EAF  830046)
3) (W K205 SR 5 TR %, 58AF  830046)
4) (MR FL Rl FEARMM A e s, St 550025)

(20144 10 A 16 HYZF); 2014 4 12 A 4 HI B S5H )

M B £ BERIE ST T A 1 + 1 4R AR 3 1 Divac 37 (0 1IE &6 AL 55 DUAR R, 3 BLKE
I ) 125 [ P A B[R] B AT AR R B B, 1 AR AP K B A2 o0 JR B, 19 BB U Uiz sl 7 1 1A 5 o
AR RS IE I RIL . SRJA, RIS Dirac BE, Kb A6 MR RLOR, KL A6 FE LR G — KL 2.
WETERW, R TT i, AR B BRI 23 1% 5 1 BENS 2 S Divac 165, AT AT L 52 i 12458 70 F) I DU £

T TH, ZITER R T EEUEOLT AR E.

KR LR, 1L 55, Dirac 43R, Dirac %5

PACS: 03.70.+k, 04.60.Ds

15 =

TE U A o 22 B 30 0 U B T B
@Atz —, DA B b G o A IR
TR E L AR B, RN, & 2R 20
Poisson 5 (X T & R4t &, W52 Dirac #5)
& 75 RBUR. B, 2 80 Poisson 15 5 5L
& Dirac 1 5 78 11 W 5 7 b 1 R ke < B 1 7 .
Xt R IRAE A PR 2 18] R 22 i Yy, B A
£, 22 {3738 B AR T I 1 A — SR IR IR 261,
L T2 0. T AR DA R B AT EAT T IR I
SHIE ARSI, 2R RRR N O
~, AR R AT . BT AR
FE, 20 228 W37 1A T DU A s SR B il AL BRI
— BN &, 7385 H R W LR 5 2 i 2 128
Poisson i 5 (X Tt &y i IR E AR AR Uy
Dirac #'5) fEIL LML F XA T . X
i S RATE T AL B F 26 A, 37 Poisson 45 5L

* [E X AR 4 (HLHE S : 10865003) BB IR,
T EEME#E. BE-mail: sci.zwlong@gzu.edu.cn

© 2015 FEYIEFS Chinese Physical Society

DOI: 10.7498 /aps.64.100301

# Dirac 55, {812 GE8 A1 SRR FHZE.

B3¢ 510 Y I ) R Jo A U 5 P A Sk (1.
FERE SO, VR0 SR NI Dirac 2158, B
ARSI AFE 1+ 1 4Ebr =309 1N =110 0
L WA R R, Rl B A EWI ) Dirac £
W45 3 ) Dirac #5510 564 RAHEN. %
T AL bR B K 22 HURR 2 AT R L IR
BRI I IX — 52, SR [2] 78 DU 9T A A
EEHE T BT R S A R BE B N AE
2o (BPAEAY 2 th & by IR E PR )[R SN
JR BRAEA B2 [6], AAAEIL T, SCHR [3] 2R HiLfig 7 (]
WEFC 7 ISR R, B S, %07V R T 1
bR 3 1 IE ) A e 7 1),

MBS IR A BB 7 b i) R Tt A fe. ST
Wk [5] B 9T T A7 AE 14 S B 48 B Divac 3 B & 11k
) . TR R AR R T AP B L,
—ANELSE B ERERER T —AEEE R E
1A &, K H Dirac i 6] fl Faddeev-Jackiw!™ 7%

http://wulizb.iphy.ac.cn

100301-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.100301
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 10 (2015) 100301

S 7 A AL (R E U & A e R (L, FE BB
AU 2 [A) AR B A T B A AL 3, BRI
S-S5 b A I LD 2 ) AR . s b, AT 77
VEBIE ST IR ) & A0 5 1) AT DLIE B 3 SR (8, 9).
1Z iR K T Faddeev-Jackiw 7772 M B B £ 1
WEIT T B-1 503 N IR 2 A A R (H A
IR (B A B AT T k.

d5g 5 XoF IS ) AR B R AT B O B 9T 1) 2 AR BUE
A%, AESCHR [10] Hh, AFBUE #HZAE Lagrange /)%
1) 30 W R B TR A D Bl ) 2 A2 s AT RS D K )
BHL o AR B T EEOE 0 R ST E T R
FEWG B0 2 P, TR [11) A [12] R A& 2K
BEL, PR T IRESS M E R EMAT RS, R
JeE S B IR S S E S EU I R AR B IR B,
B2, BEUEIREEATE. STk [13—15]) Bk
BB ARG Ak ok, K28 o0 BT 21 B U TR,
fE i VAR K B R 2y R B (VDDVP). i 58 3%
W, K FHZ R BEREORRF 1 IR B B SE 454, IR
7 EEUNREESTE. B S, 1RO SR T
ImRE MR tE . Aal, SCHR [16] 25T A 25 a) A
B PR B AR, R A 122 5 3R FH B A
FITTEW I T #E ARl R 7, WK, X
N TTEEBRREE R FF 451, RE RFF BB 0L T 1Y
DRIEE

A% 3C N VDDVP 73 it 78 A BR 2% 18] 7 i b
M Dirac Jig &3 0 1E W& 1 i &8, KA B i
FLIN & W74 5 BRAE A PR (10 = |, DRI, A 225 TA] 1)
WA Ee B R %M. R, Dirac & 7 7
Fr RERIAR W, B, BANAERLR. A
W AR, K H VDDVP 1] DLTE R — AN B B i 2
¥4 & b 3 57 Poisson B Dirac %5, 1M H AR HF
TEB R R E, AL RN BT
A PR 23 (8] b & 37 B0 1E ) A i) s 6 58 =15
FRALEBE & WIEL R LB AU R RIA R
(8] H 1) Dirac 7 = 140, VU4 Ktk — D
WHIEEE.

2 ARZEFAAEFNENE TN
AL -+ 1 45 R bRk P

T T 1
5= /O dz /0 At S0u 0ot 1) 6(t,2), (1)

Hrh g, = g™ = diag(+,—). KR E
t e [0, T)EERAEEL KB MA N, B —
B NAL = ¢+ — ¢ 4 =0,1,--- ,M — 1, M.
FRE, KA R ¢ e [0, n] BELAES S
KHINANNE, B A Azl = 27+ — 27,
j=0,1,--- ,N—1,N. JIM, #0359 & ¢(z,1)
VR L B O B T BUAR. 3778 X B ) A A
V) FAI A8 73 A A e B i) AR 2 [ 1) 22 0 BAR

o ¢i+17j _ (bi’j
L2 T
AO¢ - t1+1 _ tl 9
- ¢i,j+1 _ ¢i,j
1)
A" = oIt — i (2)

AR, 2 Max At? — 0 il Max Ax? — OFf, BiHk
piilvis R ENPLeSivig
BER & (1) B E1E
Sp =Y At'AzILSY, (3)
0]
XH
i,j 1 ij ij
57 = S0P — (A1) (4)
BB AR REBHEE. S EHEAMEHNE
(3) &5y, £33 03]
6tSD = 6USD + 6hSD7 (5)
Horr, 6,5p M 6, Sp 43 Al AE & WA B E K
R A e i b i = Mo (W 37113
0,5D
— Z Atlez |:L¢i,j 5U¢i’j
1,J
£ 3B A 6,60 |,
n=0
O0rSD
— Z AtiAZEi [L¢i,j 5h¢)i’j
1,J

1
+ Z (7)#+1AM(E;1Au¢i,j6h¢i,j

w,v=0
_Enggl(j,j)(sxu(i,j))

1
Y (P ALE T (6)

H,v=0

T FE b2 F 30 B O 30 Leibniz 32:00) 1] ,

D(F9g) = (D)5 + (W) Ag™.

100301-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 10 (2015) 100301

Kb, By, EY (p=0,1) ZEBNEH, BXF ¢

Ptz S5FE PR
Eo¢'I = ¢+,
El¢i,j _ ¢i,j+1,

Eylehi = ¢i=1,
Bl =gl ()

(6) X, [Lyii] = —Ao (A" 1)+ Ay (AqghI T,
T, = D¢ I NG — L g, 8 B BE B
sheksE w/MEHERHESS) = 0ERIEE
B H AN K 7 ) A AR g R I O D
5,50 = 0, 6,50 = 0. 6,5 = 0, LA 3
Dirichlet 1 #2644

0 =N =0, (8)
8% Neumann 141 FL 4644
Gl — g0 N _ i N1
ol 40 — N _ N-1 0, (9)

FE UL K Euler-Lagrange /5 72

[Lgii] = =A0(Agp" ™M) + Ar(A19™ 1) = 0.
(10)
H 6,Sp = 0, 133

1
[Lgia] D™ + 3 ()AL (B, TET) = o,
=0
' (1)
HHEN
[Lg1310,0™ — Ar(A19™ 7 AL~ 481, Ly )
+ Ao(Aod" ™ Apg' M) + Ag(Hp, ) =0.
(12)
ARG — 0, B e m I [A] AR AL R m] DA
B, REEEUeIEE KN, Bl 1.
HERIERH = (3), AT —NEE R
A oI g EN TS &,
_ oLy
N
M (g8, 7kt 2 (8] I 9EZE Poisson $5 5 4

2%

= Npg™. (13)
{¢i,j’ ,nk,l} :67,k5]l (14)
RGIG B % N
H=>" Azl (n" Ao — L))
J
1

= 5 Z ij[(ni7j)2 + (A1¢i’j)2]- (15)

ROEN, L5 L, FEAR Poisson &5 (14)
AL G2 4F (8) B (9) BRAMHEM. N T retg it
ATIEN = 11k, FRAT 2005 2 A (1) Poisson #5513
T B, AE 45 7E 2 8] P 3 A 5 1Y) Poisson 45—
ARG T E SRR, IRT R0, AT
Jt Neumann 554 (9), JFH, ATHEEH” 2 =0
HIIX — it s, 3 o = 1 EE SR DONFRATTRG
TE AT HIAS .

SR SCHR (1] B R, R 32 5 2k 1 9 R W 2
Dirac 215 [0 it K

0 = ¢! — 0~ 0 §i=0,1,2,--- M. (16)

EARER AR, SIS A AE IR ARG, 3%
PERIRIGLAEE M + 1A RATEFE 5
Kl T LI RAFLE, itk R SR B R

Hy = H+ 0", (17)

Horp N RS KIR T ARYE Dirac #ig 6], 02k —
ST R TS IBAEAE IR LI TR, 3 1] LR W) 23R
BRI {0\, Hpd ~ 0 13 ¥MIRARIE R
Ve IR LR

oV = Arlmil — APmi0 ~ 0. (18)

AT LA, YRLLITR (18) 1 E W P4 1 AR 2 S5
225, I B T2 (0, 6) Z 1) Poisson
EEARESTE, WL, TATER S KM, HI%k
YIRATR R LR G H7ia O = (01, o1, T =
1,2, ,2(M +1), MK ©; 2 [H] Poisson 5
T F ) 5 R (A4 3 A

{61, 6,}
=i(Az’ + Az oy Do @ - D 0y (19)
M+1
A
{e1, 6,37
= (A" + Ax) o @ o @ B oe. (20)
M+1

IEW A& (¢89, nd) Z [8] i Dirac 3§ 5, A LAH
Dirac 5 H5E X

{A7B}D = {AaB}_{Aa @I}{@I, @J}il{@JaB}
Hl. &g EENHE, 53]

{67, ¢"}p = {n", n"}p =0,

100301-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 10 (2015) 100301

{Qbi,j? T[kyl}D
— 57,]66][ _ 5ik[(5ll _ 5l0)(AIL'1(sjl o A1'05j0)
x(Ax' 4+ Az%) 7). (21)

AJ DL E g0k E1H A3 2 i) Dirac 45 57675 [8]) N &5
(Bl 2 € (0,m)) HIHEAR Poisson #5584 —FF, {H
AR S (B) 2 = 0) 1 Neumann i 5t £ 14 (16)
itkeS
T IENAS & (87, nhd) Z [A]3 2 [ Dirac 4
5 (21), N 70 A 7 A

wi’jﬁzﬁi’j, I —>’f(i’j, {, }D—>%[, . (22)
3 % i R B 4 #Dirac3g W IE N

EFH

FEX — 5, JRATTH A BS B A BERIE 9 7
i1 + 14k Dirac 37 B 15 ) & 740 1] 1L 3X A ) &
FESCHR [5] T C & B, H 2 B EUL AU =
B A B AT, I [AS R LA & DA B Hl R A
IR, X 5L FATTHE AT 25 A8 S AR AT B i ph A 2.
Dirac 7 EH &N

T U
- / dt/ d””%iguy(i}waw — D5
0 0

T T 1 _ _
0 0
(23)

EKH o = (w,t) B o EBER; yH 2 W4
1] Dirac %5 B, i 2R B R {4+, 47} = 29,
p, v =0,1; ¢ = iy9 j& o 1) Dirac e Hi. SFr&
Py () b B ZRAL, g s ) AN 7S ) AR B S AL, K3
AR B ap, o XTI A PR Opp, Opep RN 2 [B] () L 7
O, Opth 73 | FA X LRI 22 53

i 7/11+1’] _ wm‘
Agp") = Wv
o ,t/}i,j—',-l o wi,j
l?] —_—
Al?l} - IJ+1 o ZU] )
i 1/_}1’—5—173' _ ,&z}j
Bov™ =
g Qﬁi,j+1 _ ,&lj
A = T (24
AR ES. M A (23) B HUE 20
Sp =Y At'Az/Ly, (25)

i7j

XH,

Ly = (WW‘A PN = A yrYN) - (26)
%Eﬁ‘%ﬂzﬁ/ﬁﬂﬁh REH L. SRR (25) HAT 22
7, 1351

6:Sp = 0,Sp + 015D (27)
Hibr 315 DR, 6, S A6y Sp 73 Al 1F H & i
R EMACT IR 5Y, el 2
8,Sp = 2{ ZMA:& [Lgi.5000" + 6,00 Lyii)

1

+ > A[E D

pn=0
—1g Tij iy
+E, Sty J]} (28)
Pl
0nSp
i S . o
25 Z At'Ax? { [Lqﬁzj Opp*? + dpap™7 Ld)i,j]
1,]
+ Z LA [E;%i,j,yu(;ww
w,v=0
B Lyt — 2E;1T§l,5x”("’j)}
+ Z AL (2B, 1T“(”))(5x”(”)}, (29)
w,v=0
XH,
LQLzJ = Ap¢l737u + Z A/,L(Eljlwz’j)’yu = 07
n=0
Lyis =" D0 + Y T AL(E )y =0
pn=0
(30)
& B HL Dirac TR B AT

THD = S B + S AP g
+gWL"D’j (31)
BRI R -SRI E. WIER/IMERHER
R R AR Y N % N R, X B SR A B %
AN K S 5 ) 1978 4y RO R . B 6,Sp = 0,
BAVE 22305 FE (30) Fh 4644,

wz ,0 7’/)1 N _ 0 wz ,0 wz N _ ) (32)
H 6,5p = 0, FAGH]:

Lwiitj (Sqﬂ/}i’j =+ (SU'LZi’jLwi,j

100301-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 10 (2015) 100301

ETES) =0, (33)

+2Z AL (

*&rlﬂziﬁ%?ﬂﬁTU\%tﬂ, RA BB R AP KI,
b REAEAERR, BRI HUE N BEE A RE~F 1.
5 _EA TR AR R IR, BATR A %A
BYEMIRLIR, iLH
AZ(O) — 0 0, /L(O) — 0~ 0,
AN = N 0, AN = N x 0. (34)

XA B U A R SIS 0 N IR N

y oL 1. ..
1,5 D PN 2 0
RRE T R A
o OL%I 1 o
rid = _SED__ __Siy0yid (35
T 8(A11/1W) 217 (G ( )
1E UG S35 Ay

He =" Aad[n*I Ay 479 Ay — L], (36)
J

Rl W 1E DU A% B op™d | op™d mid R I 4P /& Grass-

mann Y, Kk, EATZHB R Z KRN

{v™, PP} = {m*7, 7MY =0,

[uh, mty = (g9, w1 = —gkel (37)
MIET B E X (35), FATABLIEN 3 & 12 X
i T IEN B A A B 2 )5 &R, H Dirac )
B E RN, Tiﬂ‘]%ffﬂﬁ?ﬁ% K HARCH

PHI — i + WJ

vl = @bl 4 %ryow” ~ 0

i=0,1,---,M, j=0,1,--- ,N. (38)

R, 65 2(M +1) x (N +1) MR, T RAEL
W (38) ML F 26 (34) HHAM N 5 9 & (37)
P JE, PR, BRATA 20N 3 A 1 |5t 5 9% & (37)
BHATIE M B, L AR S 5 N TE 2 SRR 4 A
FHAS. I, FRATTR A SCHR [1] FOW AR, 4530 5 2% At
(32) MINFELIH (38) S5 Rl K, 1E Dirac 214, %
F Dirac BAE KR TEIERL. 5 F—Tibr &AM,
TATRA R 2 = 03X —m, 73— (z = n) MR,
A LA 3E AR [ 1 21 3.

Mk, RAILH 2(M +1) x (N+1)+2(M +1)
ANV LR, I BLAT DL 56 IE X S AT R 20 AR
X FHIRRLINR. 9T 5 Dirac 455, A7 %
T X e 4 3 2 (8] ) Poisson 455 A4 & (10 48 F5

J R R, XA E TR R LLBCR . A T
TS, AT B SCRk [17] i 3, K ST R
SN B e v SR A AR 2 R R ) (]
Dirac 5, A5 F i H 54K Dirac #65. AT
i RINTEZL R (38)id o T = (@47, wid), |
WIEZIR 17 22 [8]ff) Poisson $5 ¥4 Bl A BN

{FI’J,FK’L}
= i1 @01 & - Doy)
M+41
®(1 Do D Do), (39)
N-+1
{FI,le-:K,L}—l
=i’ (1 @01 @ Do)
M+1
R(o1®o1 - Doy). (40)
N+1

H U, THEAS 3 IE AR & 2 (8] TR 8] Dirac 55 4
{wi,j’ T(k,l}IDB _ _161k5]l
{7, " pp =
BTk, AR 8] Dirac 165, 1HEHZIH (34)
PE BB 2 Dirac i 5. FATH LW (34) Z—id N
Ar=(A" A 1=1,2,--- 2(M+1). MK
Ap Z AR [a] Dirac $5 5 14 5 A0 6 B Ko L 100 56 [
SN
{Ar, A} = -7 (01 @ o1 @ - @ oy)  (42)
N1

1705’k5]l (41)

il

{AlaAJ};DlB:i’YO(U1 @01@"'@01). (43)
N+1
nhd A whd 2 [A] i) Dirac

1E AR B aphd, ap™d
5 H
{A,B}p ={A,B}ips — {A, A} DB
x {Ar,As}ipp{As, Bhips  (44)

PoE. g it s, JATE B T H AW DiracH 7,
g N
i, k,l — _ _—&tkgil — ik 550 510
{yp"7, ™'}p 25 o'+ 26 776",
i, =kl — _ _—&tkgil — ik 550 510
{yp"7, =™'}p 25 o'+ 25 776",

100301-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 10 (2015) 100301

{wi,j’ &k,l}D — _ ivOéikdjl_i_i,yO(sikdjO(le' (45)
AT DL BB E, EZS A, e e (0, n), BLE
Dirac #fi 5 5 (41) 30 (ML A HIEE) — 2, JFH
FEIL S L 50 5 A ARAT.

TE DA AR B AT 56 B
W’j - @iJa 1/_}1',]' - Ji’ja T(i7j - ﬁidv

1

ﬁid — ﬁi’ja { ) }D — Z[ ) ]+' (46)

4 % #®

ASCNES T A, BT T il S 4 b
Y31 Dirac 377 i) 1L W & 746 i) L. ROA 2 37 45
BRAEA PR A) b, BT 48 3 A2 25 (A AL 5 L AT
N (BLFR28AF) & SAEZ 18 A R BT A, BRIk
XA AR B, BATRIT S HUL K5 &, Kb 55k
PHE YR Dirac L9HCRAF ST I . 5 O A 1
FEANN R, FAN TR s 1] A B8 2 1) A B AR A T 8
RO BT ACEE, JF HON T OR¥ B BRI RE B <718, AT
W AR KRBT . T ArE R ¢ IR
L B R R IR, DU, A R X ok i A
L, WA WAELR, BT RS .
{H 72 Dirac /2 |1 “ 75 77 Hi IRE ORISR, UL,
SRR ARG %A, T HiE B AL
A, X AEAS LA R ORI N JF H 2R
AL FAFATAE 2 R A F L2 2 R, IX ey
B4RV Divac #55 . B SEIIE N & 74k 1
—E M RAE. DYk, BATRAM P ERTNE, K
Dirac 5 5 TH5E 7> BB EAT. Bt 57
ZURK B “ P IA)” Dirac 755, RETHREHFIR Y
W, RV 5 A B B 24 [ Dirac 55, IXFE L
KK TSR, M NASCEE R — D EAEK
Bia eSS, AT LARIIE, A SR A4S 2 Dirac 155
R F LSBT A, RN S
i) Dirac 55—

FEARSCHIRER A bR I AN & WAEZIR, Dirac
) NAE LI HR 5 2K 10, T34 7 25 AFAF 04 Dirac

LRI 5 2RI, RIS AE 2 R S R A8
/L b, SA VG E R (S b X RTRAT
SR I)) BT WAL R AR AR 5 — K. H
SRR AT b, WIELR 510 R4 Al gifE
— RO AR B IR LR, AR U, LRI
FRAG ] o I FERF FUIX AR Y ) 1E ) & AL
I, ] Ab 3 FEA R, wfer 5N 2SR 2 451,
0] Za ] PN AE 20 R AR I 2R B A I BT A
B — DI ST )

SEH

[1] Sheikh-Jabbari M M, Shirzad A 2001 Eur. Phys. J. C
19 383
[2] Jing J 2005 Eur. Phys. J. C' 39 123
[3] Jing J, Long Z W 2005 Phys. Rev. D 72 126002
[4] Long Z W, Chen L 2007 High Energy Phys. and Nucl.
Phys. 31 14 (in Chinese) [F&IE3C, FRHk 2007 mAepES
B 31 14]
[5] Wang Q, Long Z W, Luo C B 2013 Acta Phys. Sin. 62
100305 (in Chinese) [£7, BEIESC, 2% 40 2013 PyE 4k
62 100305]
[6] Dirac P A M 1964 Lecture Notes on Quantum Mechan-
ics (1st Ed.) (New York: Yeshiva University) p8
[7] Faddeev L D, Jackiw R 1988 Phys. Rev. Lett. 60 1692
[8] Long Z W, Jing J 2003 Phys. Lett. B 560 128
[9] Jing J, Long Z W, Tian L J, Jin S 2003 Euro. Phys. J.
C 29 447
[10] Lee T D 1983 Phys. Lett. B 122 217
1] Ruth R D 1983 IEEE Trans. Nucl. Sci. 30 1669
[12] Feng K 1985 Proceedings of the 1984 Beijing Symposium
on Differential Geometry and Differential Equations—
Computation of Partial Differential Equations (edited
by Feng Keng) (Beijing: Science Press)
[13] Guo H'Y, Wu K 2003 J. Math. Phys. 44 5978
[14] Guo HY, Wu K, Wang S K, Wang S H, Wang S K, Wei
J M 2000 Commu. Theor. Phys. 34 307
[15] Guo HY,Li Y Q, Wu K 2001 Commu. Theor. Phys. 35
703
[16] Xia L L, Chen L Q, Fu J L, Wu J H 2014 Chin. Phys.
B. 23 070201
[17] Gitman D M, Tyutin I V 1990 Quantization of Fields
with Constraints (1st Ed.) (New York: Springer-Verlag)
p276

100301-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://118.145.16.217/magsci/article/article?id=16012229
http://118.145.16.217/magsci/article/article?id=16012229
http://dx.doi.org/10.1140/epjc/s2004-02079-8
http://dx.doi.org/10.1103/PhysRevD.72.126002
http://wulixb.iphy.ac.cn/CN/abstract/abstract53786.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract53786.shtml
http://dx.doi.org/10.1103/PhysRevLett.60.1692
http://dx.doi.org/10.1016/S0370-2693(03)00375-7
http://dx.doi.org/10.1140/epjc/s2003-01233-2
http://dx.doi.org/10.1140/epjc/s2003-01233-2
http://dx.doi.org/10.1016/0370-2693(83)90687-1
http://dx.doi.org/10.1063/1.1621058
http://dx.doi.org/10.1088/0253-6102/34/2/307
http://dx.doi.org/10.1088/0253-6102/35/6/703
http://dx.doi.org/10.1088/0253-6102/35/6/703
http://118.145.16.217/magsci/article/article?id=18834401
http://118.145.16.217/magsci/article/article?id=18834401

) I8 % 48 Acta Phys. Sin. Vol. 64, No. 10 (2015) 100301

Canonical quantization of classical fields in finite volume”

Liu Bo?  Wang Qing? Li Yong-Ming® Long Zheng-Wen®?

1) (Department of Physics and Electronic, School of Science, Beijing University of Chemical Technology, Beijing 100029, China)
2) (College of Physics Science and Technology, Xinjiang University, Urumqi 830046, China)

3) (School of Information Science and Engineering, Xinjiang University, Urumqi 830046, China)
4) (Laboratory for Photoelectric Technology and Application, Department of Physics, Guizhou University,

Guiyang 550025, China)

( Received 16 October 2014; revised manuscript received 4 December 2014 )

Abstract

We study the problem of canonical quantization of classical scalar and Dirac field theories in the finite volumes
respectively in this paper. Unlike previous studies, we work in a completely discrete version. We discretize both the
space and time variables in variable steps and use the difference discrete variational principle with variable steps to
obtain the equations of motion and boundary conditions as well as the conservation of energy in discrete form. For the
case of classical scalar field, the quantization procedure is simpler since it does not contain any intrinsic constraint. We
take the boundary conditions as primary Dirac constraints and use the Dirac theory to construct Dirac brackets directly.
However, for the case of classical Dirac field in a finite volume, things are complex since, besides boundary conditions, it
contains intrinsic constraints which are introduced by the singularity of the Lagrangian. Furthermore, these two kinds of
constraints are entangled at the spatial boundaries. In order to simplify the process of calculation, we calculate the final
Dirac brackets in two steps. We calculate the intermediate Dirac brackets by using intrinsic constraints. And then, we
obtain the final Dirac brackets by bracketing the boundary conditions. Our studies show that we can not only construct
well-defined Dirac brackets at each discrete space-time lattice but also keep the conservation of energy discretely at the

same time.
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