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In· modern' elementary particle physics, . the problem of··.quark · · 
confinement. is one among the fundamental and unsolved·. troubles :~1/ 
All attempts .to e:xP_lain the _strange behaviour of. quarks which never 

appear as free particles failed. . 
Usually, _.the problem of quark confinement .is attacked in the ' 

framework of quantum mechanics. or quantum field theory because quarks 
are quantum ob,jects. In spite of that in the present pap.er we propose 

a· new purely classical. approach. to this problem. We start. with the 
very. foundation of classical mechanics because we strongly believe 
that the heart of the problem is here."We shall show that there ·exists 
a pa~tic'lllar ~ind.of classi~aimechanics of. N-particle systems in 
which the constituent particies cannot realize.themselves.as indivi­
dual mechanical objects. We are strongly convinced that this kind 'of 

~·· , . r •·. . ~ :-. , ' 
right prototype for any quantum theory of classical mechanics is a 

confined particles: 
Our approach to.'classical mechanics of conf:fned ·~articles is 

based on' a particular extension. to many-parti?le syst~ms of _the re­
cently developed new mathematical formalism of the Galilean covariant 
dynamics of a single particle 121 •· The essence, of this, new formalism 

. 1 ! 

may be 'recapitulated in two items': 
descr.ibe motion of particles i) all mechanical quantities ~hich 

' ' ' 

satisfy sinipl'e evolution .equations;' ' . ' ' i' '' ' 
ii) the interaction of each parti,cle with· its environment. is 

described by twp.vector-valu~d· measures' which also shduld be determi-

ned_ from their own evolut_ion equations. 

, It is to. be noticed that the property listed initem i) allows one 
to divid~ all mechanical equations into .kinematical Md dynami~al 

• ' • • • ' > ' • ~ 
equations of motion, :equations of .balance and equations .:of ·the envi-
ronment which re'-place the customary ·force. l~ws. Among !these equations 
the kinematical .equations'.of ~otion and the equations·:of balance have 
univ~rsal and ~tandard forms, whil~ the dynamical equation of motion 
and the. equations of the environment are new in treating mechanics. 

' ' ' 

The latter have a _particular meaning for each type of mechanical in-
teraction. Tbey·are.necessary to ,complete' the theory and to guarantee 
its Galilean covariance• The equations of environmentlacquire their 
beautiful form only after increasing the number of vector-valued mea­
sures of· mechanical· interaction mentioned in item ii) ~ Apart from the 
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usual measure called the force, the new formalism uses. a second 
measure called,the influence: The introduction of influence opens 
new possibilities of extending the range, of applicability of classi­
cal mechanics to new hypothetical types of systems. One of su.ch · 
possibilities will be described in _the present _pap~J'• For all ne~es..: 
sary details we send the interested readers ·to Ref. 2/~ · · 

It is straightforward to extend the new ,Galilean covariant dy-
/U . . .. 

namics described· in to mechanical systems which contain more 
than one particle. We shall' describe this extension in tym steps. 

The. first step is common to all~'f,assages from one-particle to 
many-particle systems and consists in introducing separate, inclivi­
dual kinematics for each particle of·the' considered system since 
otherwise we could not speak about many-particle systems at all. 
This means that for. N-particle systems we have to consider 6N 'd.­

nematical equations of motion . ., ' 

X';l~ tY. (t> 
II_ J . 
~ {l) = d' {t) 
:d . • a 

and J!{ dynamical equations . of motion: 

ifJLl= f/t) . 
r 

.(I) 

t• (2) 

(J) 

where j = 1' 2, •• ~ N; and jW, ~ ll>and ~d U>' a~e the iisya:i tr~j'~'ctofy 
function, velocity function and the acceleration' functi'on 'c)f the jth 

particle/ respectively. The ... ~uantiti~s 'f.,O> ·, called infl~ences, 
represent one of. the vector-valued measures of mechanical interac­
tion of the. jth particle \Vith its' 'environment •.. We would like' to st;e: 
here. the conceptual difference between the new ·notion of the· influen-
ce iJ(n and the stap.dard nouon of.· the force ~ (t> • The ·former 
is a measure ·of non-uniformity of. the motion w;hile .the .latter mea-·< 
sure~· the violation of. conservation laws during: the motion~ Both ~ {/) 
and FJ(l) provide. the complete descriptio~ of the dynamicaL action· of · ·. 
the environment of· the particle on the. par.t1cle itself.• 

The second' step in passing from ·one-particle- to many-particle 
systems consists in introducing a corresponding dynamics. The new 

· · IU · 
ormalism descr1bed in Ref •. , ,, allows, one to implement· this step 
either .1n a standard or in.a non-standa;rd way and, this is one· of 
the advantages of the new .. formalism. 

In the standard way we introduce for each_part1cle the·notion 
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of its,mo~entum p·l-1::) and th.e notion of. ·the .force • ~.'(t) act-
1ng on· the, jth pariicle. The· dynamics of each particle is .then de- · 
scribed by the ~fewton 'eq~ations of balance. ' ... , 

• 
PJ(O = ~ w. (4) 

' The inertial. properties of each particle appear in double .face /J/ . . 

since the Galilean transformation rules fa·r the momenta 

'PJlV~JJ' (f.') =1< j)jln -r mj ~. (5) 

introduce~ the. Galilean' masses· mi 
cond law of dynamics 

of the particles while the se-

·~ 'FJW = Md a0 (1:)_ (6) 

introduces the inertial ma.sses Mj of the particles •. The standard 
mechanics' works with .tlie 'additional assumption t~t 

rn: = M~ ; . d J 
(7) 

but· an· alternative cas~ of. violation of eq~iities (7) may be oonsi-
. dered as .w'ell / 4 / • · · · · · 

The non-stanfutrd approach t'o ~any':"'particle .·systems we shall · 
. , . . . . . ·. . . " ·' . •. ..!"''·' " 

follow, below consists in the following: In,contradistinctiOn'tO.ki..:' 
'nemat.ics .;,e do· not i~tr~dU:ce 'sep~ate · d~mical ~charactl3fi;t·ics ,;of. {. 
i;": ;. ~ :·:. :;::,; '··: J-".' .' : .. -_.:·>·.''.-;" _,..··: .. _.· .. _.~:-;,\,_; , .. :_:,.', .,.,!_..·.,, .. _}·_' i·:-·· :·.".·-\.-':··:~_;· 
individual parti-cles: at~ all 'and ,cons~der only global dynamical: de.;.,' ... 
scri:Pti~~ of' th~· syst.em a~' a ·wh~le".· This. ~~ans that. th~'. 'd;n~ibs ·"of. 

the Lpa~ticle syst~m is collectively described by one total' momen­
tUm .:P (l:) which cannot be ;epresented .as a sum of individual mo~ 

. ' . ' •·• ·.,. .'' ' . ! • !.•:. . • 

I menta Of the particles beCaUSe , the latter dO h_Ot ex:j.,Sta ... nd by. One.· 
' total·. force F i!) whi,ch. also . cannot be. tr~at ed. as.:~ .. res~li:ing .­
.:force of the individual forces··-~ l/:) bec!us'e the. pa:rtioles 'd.o not 
feel any force at all. The total momentum -p(!) and the total for~ 
ce F(H, i satisfy the Newton equation of balance, . . .. - --p(t~ = FlO (a) 

• j 

, and the motions of individual particles are :solely governed by the 
dynamical equati~ns of motion (J).' The ilidividual inflhences ij (b 
are related· in a certain way~ we shall discuss below, to the total 
·farce F(/;) 3 
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We sh13_ll not vizualize the' total force f {l> as a three-di­

mensional vector acting on' a particular, point in space and therefore' 

v1e should not' answer the usual question which asks at which point 

the force is applied •. We restrict ourselves solely to the interpre­

tation of the force F (l) as a vector-valued measure of interaction 

of the system with its environment which violates the conser,ration 

law of the total momentum... . 

Under Galilean transformations,...the 

the usu9.l way 

j: (H -:-> F'({') = ~ FU). 

:f:'orce 

.., ~ 

J:{O transforn1s in 

(9) 

Siri1ilarly, the trans:f:'ormat'ion' rule for the momentum f'{l) must. be 

of the form 

l>u> ~ 1>' o·.) = "R'P {O + m -u (IO) 

and introduces 'the. notion of the G~J,ilean mass ·m 'of the .. sys tera of 

l'l' particles ~s a whole. T'n:~ 'not:i.~n of its i~ertial mass will be 

introduced beloi'T •. 'lle do not introduce the notion of individual mas­

ses of the particles because for them we have neither individual 

momenta nor individual forces• Therefore, for the considered partic­

les v1e' can' v1rite neithe~ equations, (5) ~or equations (6) •. ~T"n~ 'pdrtic­

les of the considered systems have only individual kinemAtics but 

are dep~ived from i~divldual dyriam'ics •.. In this sense the p~rticlen' 
are 11 conflned'in a system" because they c~nnot realize themselves, . ,- . " \ . 

as individual mechanical entities. They may exist only as consti....: 

'tuents of collections' and there is no possibility 'to extract :from 

these collection~ allY, individual constituent or a cltist,er ,of cons-. 
tituent·s. . . 

We ar~ fully' a~1are that our point of view ori the nature of con­
fined parti.cles i~ very ·radical and it;'~ay be re;lec'ted,,by the argu­

ment that in' the domain of classic~l me'chanics all part:Lcles ~hould. 
be treated in a classical way. Confin~d particles obs'e~v~d in Nature. 

are objects quite differe.nt from the 'usu~l p~rticles' just due to 

their being absent in a free state.'. 'They cannot therefo1;e ,.h.ave all the 

attributes of usual·particles and any theory.of confined'particles 
has to tal~e this fact into a~ count from' the ve~y; begininG. Other;?iS e, 
irrespective· of any eventual partial success, a theory of that type 

is physically wrong. Realistic confined particles are. quantum 'object's 
and' any realistic con;iste~t th.e or;y- of such particles mus.t be of a 

quantum type. Unfortunately, all pr(lsent 'quantum theories are baned 
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·on classical prototypes· inv1hich the confinement. of part-icles is ex­

cluded. To have physically well motivated.theory of confined part­

icles, y~e should construct it from an a~sumption.'dif:f:'er~b.t than the 

usual theories have ·incorporated in • .It is therefore highly necessa­

ry to study.· alternative classical prototypes for new quantum theories· 
and. this .was the main. motivation of· writing. the present paper. . . ' 

~ " . - . ' . 
In addition, it ·should be: taken into account·,that all detection 

methods in particle physics are based on. the principles of cla~sibal · 

physics because the interaction of. quantum particles with measurement 

app·arata is always classicaL: Therefore, independently, f!'om any 

quantum theory which .may expl~in the 'confinement any complet~ theory . . ' ' 

of·confined particles.has to lookfor alternative approaches already 
'' ' .• ,, 

· on the classical level. 
' ' 

One crucial novelty of our approach to Galilean covariant· me-
chanics. / 2/ consist~ in rejecting .all k~own force laws and, in repla_:· 

cing them by a system· of differential· equations fr\:l~ which' the in­

fluences and forces may be determined. In Ifev1to~,'s mech~nic's· the in­

'nuences ,Iil~.and forces ~{t)· always are related by simple r~la-
tions · · . 

~(~) = Mj ·~(!). (u) 

in ·~ore· so:P!listicated forms of mecha;iics the differential equa-. 

tions which rel~te ~ and f1.. .are ·'of the ':form ''. 

~.J.. ( F t f. f f ·f) :;Q C12) '"fl. J .I .) I ' . 

Vlhere JfC: is a. function of its arguments collectively denoted here 

by letters without· the label·. j a:nd t~e ~abel l runs over a set 
,which is suffici'e;nt- to produce a complete system of differential 

equations :!:'or specification of' ail ']J(t) .. and ~ O) :::'.In any 
mechanics of :confined particles-\ve' have only 'one force 1={0 and 

N in:f:'lue~ces ~ l~> ·~ and consequently we should modify the 
standard way of' writing. the differential equations (11) and (12). 
To do this;· let: us .. obse~e that in the'.standard mechanics the.force 

, FH) may be· represented in the form 

~· N -
FW = ~ ~(D 

_., ' . J"'' .. 

(lJ) 

where. _rjO> ... are the forces acting on the 'jth particle. From this 
representation and C1.1) we fina the equation· 
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J::(H =£-, M~~U) 

i=' (} u 
'(14) 

which apart from the undetermined inertial masses contains quanti­
ties used also in. the mechanics of c~nfined particles. We cannot . 

however take this equation as one 'of.S the equations of the environ­
ment because confined particles have no inertial masses and the 
meaning of the coefficients in (14) is not clear. We· have argued. 

in Ref/21· that all:constants that·appear in the.eqliatioris for~in;.. 
fluences and forces may be internreted' as coupline constants'of'the 
model of the particle environ."llen~, and following this. iine of rea-· . 

soning we could take instead of (14) .the equation · 
• rJ ; _.. 

F m ·:::. ·~· cLj IJ a 1 
J-' ' 

( (15) 

wher~ di ( j== 1 1 2 1 ••• H) are fixed coupling constants. However, 

such, an approach leaves too much arbitrariness .•. The situation is 

much better for identical particles because for such parti'cles .all· 

relations should be symmetric under all permutations of quantities 
. + ' ' '-

ascribed to individual particles. This means that .for identical 

particleS instead Of (i5) VI~ V;ill haVe 

. "' 'F £t> == cJ._ ~ ~'(l) 
,r' 

(16) 

and,_. v1e have to do only with one. c~upling .. constant the meaning of 

which is. easily established. To .find· the interpretation of . d. ·, let 
us observe tha:t .the case of identi·cal particles is the only case for 

which the usual notion of .the ~enter' of mass has -~ pur~ly geometri­

cal me~ing independent of the values of masses of. particles. In 
fact, for a system of identical particles the usual definition of the 
center of mass leads 't·o the follovdng identification of its .. position · 
vector 

-:> . tJ 

···X (D =. ~ f. xdm (17) 

its velocity 
6 
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f·. 

~ ' ,.,. 
;.V(D =~f. ~u~ (18) 

and its acceleration 
, tJ A (l) = .1.. L :f/D . 
. }'I J ,., 

(19 ) 

Clearly, all these concepts have a pure geometrical· and kinematical 

meaning as the average position, velocity-and acceleration, respec-. ' . . , 
tively. We may therefore use these notions also for systems of con-

fined particles for which the notion of mass of the individual 
' ' 

particles is not defined. The equation of motion for any system of 

confines particles as whole will then be"Of the form 

F- (~>= 11'1I A it) '(20) 

where li'1J i·~ the inertial mass of the system as a whole.· Differen­

tiating novithis equationwe get 
·~ ' ' . 

- . CMl .!f_. . .:.. fMl "' .... ' P (0 = t:f 2- ai {l) = 7 ~ l,(f). 
J=' .(} l1 l::' (J 

(21) 

and comparing this result With equation (16) we come ·tO :the identi­

fication 

d...= fl11 . ' . f'J . 
' (22) 

and this completes the interpretation of the coupling constant rX. 
. Clearly, equatio~.(l6) is only one. of. equations which sh~uld 

dete~ine the influences. We still.need more equatio~s to dete:rmine 

the individual influences of "each p~rticle. Whatever their form may 
be, they should -not contain the total ·force , p(O. be~ause the be­

haviour of an individual confined particle should be independent .of 

the interaction of the system as a,whole with its environment. Con­
sequently, .'the. environment should never be able 'to disjo.in .the 

particles into separate clusters or constituents. Tliis may be"aohie­
ved if we postulate that the only equation in which;participate 
p {l) is equation (16). The eventua:l e quat :ions 'for 'determining . 

p (l), should arise from treating at least two many-particle sys­

. terns bec~use the force p(l) is -connected with the interaction 

7 
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of the system as a Ythole and, not with the interaction Of its .in­
diVidual constituents. 

Since the remaining equations which contain individua:l ·influen­

ces should determine only relative motion of the confined particles 
;e must, instead of C12), postulate equations of the type_ . 

tePj C:ljKJ ra~, Jj~) = o_./ (2J) 

where·· 

~K(~) ~ ~ (n -JK (0 (24) 

are the relativ.e influences. 

Solving equations (2J) together with (i6). we will find all 

individual influences i/O and vte may integ~ate all kinema~{cal 
equations (I)-(J). Each equation needs however some initial c~mdi-

.. ' . ' ·.' . ..' ' ' r. ·,.' ',·' • 

tions· in order to· ·specify the physical. quantity determined by this 
' ' .• " i ., 

equation; and the overall picture of the motion of particles will 
, ' . . I j - • . . ~. \ . ' • ' . ' 

crucially 'depend on the choice. of ... initial c6ndi tions. To keep the 
confined p~rticles together in sani'e finite r~'gioris -~f·· space, \ve must 
additionally as~ume the conditlon . ' 

SUf ./ ·~ (~) ~·XKU.> 1: < ·~.:· . .(25) 

-<:>O<t.-<..·00 

This. is a condition on the initial preparation ·Of the system and may 

not ·.be sati~fied. i~ote, however, that (25) is n~t>~ defining property 

of confined particles but only one of their particular feature. 
' To illu~trate 'the propo.sed approach, v;e··complete the p~per with 

a simple example ~f the~ system' of t\~0 confined: particles for which 
equations (2J) are 

1

of' the: os'ciliator type ' •' ' 

~. ~- ' 

~~tw L~=O 
' ,. '1 / 

(26) 

. ,· 

and for .which the external ~orce 'f:(l) . is constant. in time; Clearly, .· 
equation (26).has the s~lution 

I1~ (l> = :.J: c.:n wt. +. J sin'wt 
(27) 

8 

\1here I and J are two integration constants -,vhich describe the 

internal structure of the system and v;hich have to be determined from 

some kind of initial concH t ions. From (16) a.."ld. (27) we get then the 

individual influences in the form 

i~ U> = 1- I (.U~.I.)~ + -f J"'.",z LJt 

~ lt>.= - f T C.Y\t-vt - ± J s1-11wt 

and. integraUng equations (I)-(J) v:e get the trajectories 'of. 

p=ticles in· the for:n 

~xdn= ; 1 +rit +j1-t1-- 2"w1 i r,;lnwt t 2~-~ Jcv)t.Jt 

/.:.... ~ ...... ~ 2. 1 _,. 
X~(t) =- cJ. 1 1-f~t f'~~-1: + £)I s,·riwt 

' -1 -- rw; .J w>tJt 

. 

(28)' 

(29) 

wh~re :ij 1 ~0 and.~· .for ,j=l,2 c{re ·int~gration constg,nts .. to be 
deteri:lined from initial conditions~ .Conuition (2;;;) requires t!m t 

~ ~ 

(>1 =r?. -: ... , t. 
and 

.. x1='1{2. !L:. ~ .!-__ , 

Imp_osing now the initial conditions 

~Uo) = ~o 

·~·uc) = ~o 

. a1llo)-:- a:~.U~) = ao 
and using equation (20) ~'le eet the solution (29) in the form. 

~(~) = X1o f 1),., t~c (1: -to) t ·_£__ (t --lo)~ + 
~ . . 2~ ' 

f '£Do [.i -W'>w(f-io)l f- ~0 -~ S>l.fl.£.J(/:-t0), 2w~ · ~ :Zw 

''.I 

(JO) 

(Jl) 

(32) 
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.J 
that the relative motion of the particles is It is easy.to see 

independ:nt. of .the force 
disjoin the particles., 

~ and .therefore'no external force'can 
r 
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