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X o, @ S, ZRNFHREXR
t;) = (adSb,(P))tf + g, (4.‘3)
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0,0C.++-D4RA,P, 7‘(Jﬁ:2ﬁi5% 0,0.,0,Ccy 0,04, O,R3,0,4,, 0,P,
dP,P, + dP,0, FERMS IS, BRI AR FHEREEFARFHH—KRHDIER
k= kidx*X; (4.6)
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# PEH—T8 0,B, Lruk#s, BRI 0,B, = O,P.P.P,P,B,, N} O,P,P,P,P,0, =
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kot =0, k(d) =0, (4.8)
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= ¢3s(R + dR) Do,z dr,Prot ararsPra00 b
EBREAFRMEG.7). MAZFAUDWFHT EHE «o
FAHM, (4.9) B ¢, NEXBEEEL.

(3) BRIV REBEBHIAMHEET Pr0, = e, TR

— P RN AL R T gt B R T, XN X 7T & fF
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(4) "TH (1) REE 8 . '
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0, SR ¢ (R) (LE 5). UK, HEREIESE
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OuPs = 0,4.P, 0Py = 0,B;P HEEANEBRRARE M, HER—K0,
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(2) AI S &bt NE—R A M, , LE—NE, AIEIPR V. EEZVHATL 4
AR EB R (KB )G, BRI AIREE OAPP + dPAO(PE V) AT HHEAFH 2 H
MR k(x, dx) AH.

IR IRIE 0 ETLLE X B AT R, F b, ARARAIARATIERAA 4.
(0 A A, Z—) MEMBRH Vo, (M, = UV,, ULV, A58, IKBTEFTR S e
R, LB o M ka2, de) IRE  HERFEME (1) RAIR 44 (2) gt LB, (6T
O MREEAAHA TR ik EEE 9 IEAA (1) FpI i NEFIEL , ME ¢. Mk LHEREBE RS
(4-7),(4-8), (4-9) M X H—DMEHBEHFN IS, LA E TR EAIIMNE, EH TH

MRBAER S—MIBTR M, = Uw, RBIMIBREER, BRRETD—H do
M kCx, dx), NTIEH A —#HEH 7', 2B &, RBAHERFNA 0L, EH F 157
ZEHEMHIMTET. FTLEE

ER10. FRFKA (1), (2) MR o, E—HBE T HHNENE

B2, HREMH (1),(2) BXE @, 5JIRAWE M, ERORREE, Bestieedil
M, AR — D EFENRE E—ERE.

3. EE 10N F Bl F RS T REAS/HMT: & w ML
HE R., F HHNMEREN OR, L ORP. (Pe W) 1BV, W, BIEAS BRI, %
Pe V,NW,, FCIREE 04.PR.O WIRLIBERFIEN ua(P), e = 2t , HTE X BT LIBH B 3 3E
H

$aas(P)Pap(P) = oy (P) (PE W NV.NV,),
as(PI)Ppa(P) = ¢oa(P) (PEW NW;NV,),
o, HIREE R R
OA,PP + dPA,0 = 0A,PR,OR.PP 4+ dPR,OR.P + dPA,0,
=
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MRS H
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XL ke W ko [RAIFGEEHLR R,
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THE LOOP PHASE-FACTOR APPROACH TO GAUGE FIELDS

Gu CHAO0-HAO
(Futan University)

ABSTRACT

The gauge field theory is formulated via loop phase factors with a fixed point O
as their initial and final point. Let @ be the gauge group. When the base space is
the Minkowski space E., we introduce a set of standard paths Oz (for example, the
set of line segments Oz), where z is arbitrary. The phase factor for the infinitesimal
loop Ozx + dz0 corresponds to an element in the Lie algebra g and can be expressed
as a g-valued differential form k(z, dz) which satisfies the following conditions of
consistency

(a) k(O, dz) =0, (b) k(z, v)=0,

where v is the tangential vector of Oz at z. It is shown that an equivalent class of
gange fields is determined by k(x, dz) or (ed e) k(x, dz) where a is a fixed element
of G. Hence if we adopt k(z, dz) for the fundamental physical quantity of a gauge
field then a great part of gauge indefiniteness is eliminated. Moreover if the phase
factors .o for standard paths Oz are given then the phase factors for differential
ares z = + dz are easily caleculated, and hence a gauge field in the equivalent class is
extracted. We call the set of phase factors for standard paths a gauge and k(zx, dzx)
may be interpretated as the gauge potential under a special gauge wunder which
@.o = the unit element of G.

The wmethod is useful in considering the equivalence problem and the space-
time symmetry of gaunge fields. For example, it is quite easy to determine all spheri-
cally symmetric gauge fields if they are free of singularities. By using the method
it can also be proved that if two gauge fields have the same gauge and the same field
sfrength then their gauge potentials are equal to each other. Consequently, under a
given gauge in the above sense the field strength determines the gauge potential
completely.

For a general base manifold M., every equivalent class of gauge fields over M.

can be defined by loop phase factors also. In this case, M. is expressed as the sum
of a set of neighborhoods each of which is homeomorphic to the Euclidean space. The
standard paths are constructed aecording a certain rule, the phase factors for standard
differential loops are also introduced. The transition functions and gauge poten-
tials of a gauge field in the given equivalent class are derived as the phase factors for
some finite loops and standard differential loops respectively. Further it is remark-
able that a global gauge field is determined completely by the field strength and
some discrete loop factors, if the phase factors for the standard paths are gwen.
o In mathematical terminology principal G-bundle structure as well as a connection
in '1t is determined by the holonomie mapping which maps the set of loops through
a fixed point into the group G, provided the mapping is differentible in a certain.
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