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One of the basic properties of classical electrodynRmics and 

general relativity is that any field and its source may be 

reconstrucLed from the corresponding curvaLure. Al Lhough. this 

import.ant properLy looks l.l.ke a naLural requirEtmEtnt of an)' gaugEt 

thery iL acLually represenLs a peculiarity of Lhese two theories. 

Indeed. none of classical non-AbEtlian gauge theories possess this 

properLy. EvidenLly. in order to prove this fact iL suffices to 

repreSE>nt a curvaLure which can ba obtained from non-aquivalant 

fields. Tha proof will be constructed in the framework of the 

classic ... l Yang-Hills Lheory wit.h thE> following danotions: 

.. i: a 
W AidX • Ai = A~ ~a E su(2) 

o eLl + ~ ~ A ~ = fJ dX~Aru;J 
wiLh ~a being Pauli matrices, and the field equation 

d*O + ~ A·O I,·1 jidXi (D 

Consider the class of fields specified by the following l-form 

W ~,f(u)du + ~2dP(U) + ~3g(u)dU (2) 

on a t.wo-dimensional space endowed with a coor~inaLe sysLem 

(U,U). One can check easily that all such fields with the factors 

saLisfying the equations 
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correspond to Lhe t'ollowing ClJrva.ture form: 

o = - ~, G' (u) duAdu 

5i nce one of Lhe funcLions. for example. the funcli or, F(u) can b'? 

chosen arbiLrarily the fields (2) which corraspond Lo this 

curva.ture consLi tute a. funcLional space. Apparently. Lhey are non 

-eqtlivalenL physically because t.hey yield non-aqual covaria.nt 

derivatives. 

Thus.unlike classical electrodynamics and general relat.iviLy 

Lhe classical Yang-Mills theory conlains some kind of non-gauge 

Lransformations. which. neverlheless. preserve lhe curvalure. The 

first queslion arising since t.his fact. is do any physical syslems 

possess symmelry wit.h respect. t.o these Lr ansformations. 

Apparenlly the field itself does because iLs Lagrangial"l contains 

the curvature only. So, in order to clear lhis malLer up it, 

suffices to exemine the interaction term JSp (wAI) in the action 

functional. 

Primarily.il must be pointed out lhat the current form I 

also undergoes the lransformalion. Indeed, inserling differEmt 

connections into Lhe field aqualion (1) one obLains expressions 

~ 

varying in the term W A~O. M;;.anwhil;;.. any other conserving 

currenl al so undergoes Lhe transformalions bG>caus;;. th<.1 state of 

being conserved depends on the shape of connaction. 

An infinilesimal field transformation 
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pre-serves lhe ctJrvalura f'orm 0 if lhe f'iald E salisfies the 

linearized equalion 

de + ~(~ " E + e A W) 0 (4) 

and. if so. lhe currenl form I lransforms as f'ollo....s: 

I .. I + e ,,"-'0. (5) 

Therefore, lhe lransf'ormalion of lhe aclion integral has the 

following f'orm: 

~s JSp(e A I + ~~ A 6 ,,·0) 

JSp[6 A d-O + 1(~ " ; + ; A ~) ,,-OJ 
....... ...
~ 

JSp d(6 A"O) = f Sp (6 ,,"'0). 

The lasl surface inlegral is zero since lhe standard boundary 

conditions al inf'inily. and. hence. the aclion integral remains 

invarianl displa.ying a hidden symmelry of interacling system. 

Il mtJsl be also poinled oul that presence of r,on-gauge 

transformaLions presrving the curvature yields some restriclion 

on lhe classical theory of gauge fields. The poinl is that any 

classic... l lheory admits existal"lce of localized objecls L e. 

point- like particles. Similarly. in the framewol"k of the 

classical Yang-Mills lheory one can consider point-like particles 

with su(2)- valued charges coupled lo the field. Studying the 

dynamics of' such parlicles one can proove easily that any 

inf'luence of' a field can be expressed in terms of curvature 

only. Further,construcling models of conlinuous media as 

many-pa.rlicle systems one obtains some models of' non-localized 

objecls arId fi nally comes to a proof that the cur valure 

constilules thE!' only physical implicaLion of a gauga fie-ld. 

EvidanLly, slJch a proof' conLradicls Lh", proper tiE's of 

conserving currents eslablished above. 
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