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In [1-3) classical Yang-Wills equations are investigated 

in the case when the vector potential depends on the time 
d. 

only. The system described by such a potential fll. ( t) 
d. 

in the ~ge A 
0 

= 0 is reduced to a. .. nonlinear mecha-

nical system (Yang-llil.ls classice.J. mechanics) with the Hamil­

tonian [1-3] 

• 
where i.,j, K • 1, 2, 3, and rJ..,fJ, O .1, N-1 

for the gauge group SU(N) ( ~ of. ~ 1f are the group structure 

constants), The Hamiltonian (1) is invariant with respect to 

global transformation group SU(N)Gt O(J), due to which are con­

served the angular momenta · (1 •2] 

(2) 

(J) 

eq. (J) coinciding with coupling equations at the presence of 

a constant external density of colour charge. 



As is shovm in [ 1 ] in st.tbsystems of ( 1) with rrt i. and t1 ~ 
bein& zero, there occurs a strong local uostability of trajec­
tories leading to the nonintegrability and stochasticity of the 
Yang-rlills system. 

'lie believe that the investigation of the Yang-Mills classi~ 
cal mechanics may shed light on the problem of confinement [4-

6
] 

ru1d vacuum structure in QCD (7~ therefore, it is very important 
to consider the general situation when both tn i. and tt,.;. differ 
from zero. 

The conf'iguration manifold of the Yang-Mills syst.em ( 1) is 
the direct product E"tN'· 5 ® Rsu(N) ® R 0(3) 
where E is the Euclidean space, R is the space of the adjoined 
representation of tho appropriate group. In this paper conveni­
ent parameters. are introduced v1hich obviously separate degrees 
of freedom of appropriate spaces. 

First consider the group SU(2). One may always present the 

" real matrix Ad.i!:! Jh ( l, cJ.. ... 1,1 ,3) in the form 

A • 0, E o. T (4) 
where 

(

l((t). 
E = ~ (t) 

2 ( t) ) (5) 

Q1 and 0 2 are orthogonal matrices which may be written via 
time-dependent l!Ul&r parameters. 'rile Hamiltonian ( 1) in the rep­
resentation (4) has the farm 

Hy., ,~ Sp (E O·f [Sp•(E E) -Sp E~) +Ty., (6a) 

Ty.," H 5p( o. £2 o,T) + Sp (E o.T o. E)•2Sp(0.£0: 4£o;J}<6b) 
Let's. il}t;t"0,\1\.lQJt. ~:t.~.§J'!.~Pet~:i,,c.~ ma:t~Z:.~9e.s 2 and c.) 
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T • • T w = o, o, = - 0, 0, 

• • T 
Q : o; Oa • - 0._ 0._ 

allowing to transform (6b) into 

and then calculate the trace 

where 

and 

I • • 
,=y+i! 

(7) 

(9a) 

(10) 

(11) 

In (1] , when investigating ·the system (9a) with (JQ. ~ 

: Q a. • 0 ( T ~M • 0) , the authors have used the a"al.ogy with 

the point mechanics with the coo~dinates X,.~, i. ~E!t. -space). 

Now, when T y M -:1: 0 the following analogy with the so.lid 

body mechanics is relevant. In some sence in (9b) we have a 

"gauge 11 bodY with time-dependent "inertia" moments (11") which 

rotates in the usual and internal spaces. ContinUing this ana-
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logy, we see thnt (9b) i·a Vlritten in the "moving" coordinate 

eysteu connectetl with the "body". Projections of conserved 

cnQJ.lur momenta mi., n. Gl. (2), (3) on this moving system may 

be obtained by oubatituting (4) in (2) and (J) 

m< = 0 2 ij Mj ( 12) 

·« 0 Differentiatint; (12) with respect to the time (n = m, = ) 

we shall obtain the equation for angular momenta in the moving 

coordinate system: 

(14) 

These equations are stmilar to the Euler equations of the so­

lid body classical mechanics. 

Thus, in the expressions (9), (11), (13) end (14) is 

accampliahed an obvious separation of variables corresponding 

to opatial and rotational degrees of freedom. 

One may generalize the scheme described above to an ar­

bitrary group Su(N). In that case, ea. for the group SU(2), 

A ~i 0~~ the potential is presented in the form (4) where 1 
( o(, f.> • 1, .•. . N2

- 1 ) i.s the real. matrix of the adjoin­

• ed representation of the group SU(Il) and depends on N - 1 
parameters_, and the matrix E has the form 

.0 ) ( 15) 

.l t L1UY be shovm that the obviouu scrmrntion of variables into 

;;p~~tial ~a rota:Uonul Uecroc::.~ or frecd01n ·:s poos:i.blc only in 



this ca.ae. The kinetic energy (9b) v1ill now be rewritten as 

~ ~· ~ T,"'=~{L. I£ Q,~+L K ... wX -2L:Ja.Qo.Qa.1 (16l . ~·1 ol•1 <l.•1 J 
where 

(17) 

Th~ first three components of Kot (17) coincide with the 

three components of Itt , the remaining components of the 
momentwn (13) being defined as 

N I Na- i). o.• Ka.QQ. 1 a.• 4, ... (18) 

Instead of the first equation in (14) we obtain 

( 19) 

To investigate the statistical properties of ·the Yang­
Mills classical mechanics 0, 2], i~ is desirable to have an 
effective Hamiltonian written via variables X, y, ~ , there-
fore, one should integrate eq.(14) and exclude W' and Q 
from (9b). Two integrals of •'l· ( 14) are known 

(20) .~ 

-The di.fficulty of a complete exclusion of variables CJ and Q 
from (9b) lies in the fact that the inertia moments !J ~ (11) 
depend on time, therefore, the kinetic energy (9b) is not con-
served: 

dT~M 
c:H 



N" ~ 0 ) it follows from (13) that 

w .. = :Ia. 
I a. 

Q. Q. ' (22) 

und the kinetic energy (9b) is 

(23) 

The angular velocities £:) and may be excluded from -( 9) if M is colineur to N and their direction coincides 

with one of the main axes. 

Considei' two cases. Let Na=N:!I"' 0, then from (13) 

and (14) we have 

N,oO M1 o0, Ma"M.!>=O, 
(24) 

Wa = W._ • Q.. = Q ~ = 0 

hence, the B.ne,ular velocities <.J1 , Q 1 may be expressed via 

conserving moments N1 , M1 , and the effective Hamiltonian, 

depending on X, y 
1 

~ only, may be obtained: 

(M~+ N~)(Y'•i!') + 4M,N.y I 

(Y'-i!')" 
(25) 

at Y = l it follows from (13) that M, =- N1 and Ty/'1 ~ 

M' -= --1 - • As for the case N ""' 0 , using (23) and tak~ 
~ y. 

ing !. • ~ one may obtain 

'l a ') d• 

H = .~ (x ~. 2. .:.~) • .L M x • Y • .L (ex'y'• y~) (26) 
"" ~ ~ e. (x'- ~·)• 2. 

The investigation of stochastic properties of these systems 

will be carried out in a following paper. 

Thus, we succeed in·obtaining a natural separation of 
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variables in the Hamil toni an ( 1) into spatial ( .X, Y , 2 

and "rotational"" ( 01 1 0 a ) variables vri th a natural una­

logy with the "solid body's" mechanics, whose inertia momentL 

are time-dependent. 

The authors are grateful to S.G.Mu.tinyun for .ctil.>J.ulating 

disoussions -and one of the authors (II.M.A.) would like to 

thank H.S.Baseyan and E.B.Prokhorenko for helpful critical J·e­

m.arks. 
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