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In [1'3] classical Ysng-Milla equations are investigated
in the case when the vector potential depends on the time
only. The sysiem described by such a potential ﬂid ( t )

‘in the gauge ﬂ : = 0 is reduced to a nonlinear mecha-
nical system (Yaong-Mills clessicel mechanics) with the Hamil-
toniant"'ﬂ

TILI A S 2l g ()

where i.,;], K=1, 2, 3, and d,ﬁ, =1 .- Ha._'f

for the gsuge group SU(N) ( gdﬁ ¥ are the group structure
constents). The Hemiltonian (1) is invariant with respect to
global transformation group SU(N)® 6(3), due to which are con-~
gerved the angular momenta '[1’2]

d '
my = éi-jﬁ ﬁg ﬁ’q @)

I §
n% = ¥°‘“ Al Aq _ (3)

eq. (3) coinciding with coupling equations at the presence of
a constant external density of colour charge.



As is shovm in [1] in subsystema of (1) with m; and n%
being zero, there occurs & strong local unstability of trajec—
tories leading to the nonintegrability and stochasticity of the
Yang~Mills system.

e beiieve that the investigation of the Yang-Nills classi.
cal mechanics may shed light on the broblem of confinement [4_6}
&nd vacuum structure in QCD [7-] therefore, it is very important
to consider the general situation when both m; and n?* differ
from zero.

The configuration manifold of the Yang-WMills system (1) is
the direct product Eg.2 5 ® RSU(N) ® R 0(3)
where B is the Buclidean space, R is the space of the adjoined
representation of the appropriate group. In this paper conveni-
ent parameters are introduced which obviously separate degrees
‘of freedom of appropriate gpaces. ‘

Firat consider the group SU(2). One may elways pregent the
real matrix - Aq; = ﬂad( L, & = 1,1,3) in the form

A=0,80," (4)

AL ) 5
E = ( Y (t) 2 (4) ,

O, and O, are orthogonal matrices which may be written via

where

time-dependent Euler perameters. The Hamiltomian (1) in the Trep~
regentation (4) has the form

. . 2
Hum=2Sp ()4 [Sp(EE)-SpE']+T,, (6o
Tan=2{Sp(G,E% 07 J+Sp (£ 0, E)+25p (GEQ]GEG]en)
Let's introduce entigymmetrical matrices 2 and @
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01? éi = é'T O'!

n

Q O;éa"' - O.aTOa
allowing to transform {6b) into
Tan=- 5 {Sele® EF5p (7€) 255 (wEQE)} . @

and then calculate the tré.ce

Hyw = %(’.‘a* §5e £7) 0 Tyy (9a)
R
(¢ 9 Qa } .
THM ...a..az‘; {IQ(CJQ' +Qn.) 2 Jo. wa .. (gh)
where
1 .
W5 Eupypy , QTR Dk (10)
and

I1=ga+ze’ Ia=xa+22, I.,,=)(z~‘ya
: {11)
Jo=2yz, J,=2xz | Jy = 2xy
In [1]., when investiéating ‘the system (9a) with (J,=
= Qo= 0(Tym=0), the authors have used the analogy with
the ﬁoin’c mechanics with the coordinates X, 4 2 (E_,_.. -gpace).
Now, when TYM # O the following snslogy with the solid
body mechanics i3 relevent. In some sence in (Sb)‘vr.e have a
"zguge" body with time-dependent "inertia" moments- (11) which

rotates in the usual and internal spaces. Continuing this ans-



logy, we see that (9b) is written in the "moving" coordinate
gysten connected with the "body". Projections of conserved
engulor momenta M;, n® (2), (3) on this moving system may

be obtained by substituting (4) in (2) and (3)

n*= 0rF NF ; mi = O, ijM; (12)

Njﬁz Ijb w;ﬁ' :’Jb 9]5) MK=IK'9K'3KQK (13)

Differentiating (12) with respect to the time (R®=m = O )
we shall obtain the oguation for ungular moments in the moving
coordinate sysitem:

AN §G1-0, dH (5] )
at

These equations are sinmilar to the Buler equetions of the so-
lid body classical mechanics.

Thus, in the sxpressions (9), (11}, (13) end (14) is
accamplished an obvious assparation of variables correaponding
to gpaiial and rotational degrees of freedon.

Une may generalize the scheme deseribed above to an ar-
bitrary:.group 5U{l}. In thet case, aa for the group SU(2),
the po'i:ential ﬂd _ 19 pi’eseﬁf'ed in the form (4) where O:p
( «, p = 1, Na'-'- 4 ) is the reél" matrix of the .ad;join-
~ed repreﬂentation of the group SU{F) and depends on N -1
pa.rameters, and the metrix E has the form

N (15)
ey, o)

It uay be shown that the obvious separation of variables into

spoetiel and rotailonel degrees of freedom ia pousible only in



this case. The kinetic energy {(9b) will now be rewritten as
3 N1 3
Tw=2{L I '+ L Kuwd -2Z JaQawa} 9
i1 d=1 Q=1
where
del-l Ka = ?,Lp“ ¥J“\’t Ep‘ gVt RSS!

The first three components of Ky (17) coincide with the
three components of ]k , the remaining components of the

momentun {13) being defined as

a*KaWa(O=4,... N°- 1}. (18)

Instead of the first equation in (14) we obtain
%{N.i,,. fupgWp Ny = C (19)

To investigate the statistical properties of the Yung~-
Mills claséical nechanics [1’2], it is desirable to have an
effective Hamiltonian written vie variables X, Y, 2 , there-
fore, one should integrate eq.{14) and exclude (0  and §
from {9b). Two integrals of eq.(14) are known -

|
The difficuliy of a cowplete exclusion of variables 5 and §
from (9b) lies in the fact that the inertis moments I, 3

depend on time, therefore, the kinetic energy (9b) is not con-

served: . .
T 3 R .
dTym __ 1 S {Io. (Q‘f+w:)~23n9awa (21)
dt ¢ aa

Por vuocwut Jlelds (f.a. when 2he dengisy of the quoacl ohpe

Na= NF NSD’ Ma___ Mi M: (go) &

.

RN
X



N'= 0 ) it foliows from (13) that
2
wo=da 0o, Me=Ixz Tk o g
a Ik

uné the kinetic energy (9b) is
3 2 - 13 e
T:JM= E::; -h——a—i:—i—t—— Q« . {23)

The angular velocities (—5 and Q mey be excluded from
(9) it F‘i i colizieu.r‘ to T—\T end their direction coincides
with one of the main axes.

Consider two cases. Let Na= N3= 0 , then from {13}
and (14) we have

N1.=O, M=O

1

Ma_=M3= O’
wa.—.(»)l"- Qa = Q;= o

]

(24)
»
hence, the éng;ular velocitiea 0.)1, Q., may be expressed via
conserving moments N, , M.1 , and the effective Hamiltonian,

depending on X, y, 2 only, may be obtained:

Tuw = 2 (M3 N2Y(Y2er®) s UM Nay 2

= = 2
2 (ga_ 12)2 ( 5)
at Y=Z it follows from (13) that M,=- N, and Tyym =
2 S
= :‘;a_— . As for the case N = .O , uging (23) and tek-

ing 2= 4 one may obtaln
2.2 2 2
1 .2 sy, 4 ME(xT+Y) & 22k
= (k3 2gry e S BRI 2 (et 26
H‘i"‘l 2 (X H ) 2 (xi._ ga)a 2 ( Y g ) ( )
The investigation of stochastic properties of these systems
will be carried out in & following paper.

Thug, we succeed in obtaining a natural separation of
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veriables in the Hamiltonian (1) inte spatial ( X, Y, Z )
and "rotational® ( 01 s Q. ) variables with a natural ona-
logy wi"bh the "solid body's" mechanics, whose inertia moment:
are time-dependent.

The authors are grateful to S.G.Mutinyan for stimulating
disaussions and one of the authors (I.M.A.) would like to
thank H.S5.Baseyan and E.B.Prokhorenko for helpful criticel ie-

marks.
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