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’ In nodern elementary particle physics, the problem of quark
_confinement is_one, among the fundamental and unsolved troubles 1/ K
A1l attempts to explain 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 obJects. In spite of that-.in the present paper we propose
‘a new purely classical approach to- this: problem. Ve start with the .-
'»very ioundation of - clas51cal mechanics ‘because we strongly believe

‘that the heart. of the problem is here. Ve shHall.show:that there exists
-a particular kind .of classical mechanics of: N—particle systems in .

\ which ‘the constituent particles cannot realize themselves as indivi--.
dual mechanical chects.,We are’ strongly convinced that this kind of .
icla551cal mechanlcs is a right prototype for any quantum theory of
'”confined particles. : .
Our approach to classical mechanics of - confined particles is
based on’'a particular extension to- many—particle systems of the re-; .

': cently developed new mathematical formalism of the Galilean covariant

’dynamics of a. single particle /2/ . The essence of this new formalism"v

- may be recapltulated in: two items-" ~ S
- i) all mechanical quantities which describe motion of partioles
satisfy simple evolution equations, ' ‘ | ,
Co ii) ‘the interaction of each particle with its environnent is
:‘,described by two vector—valued measures which also should be determi-
ned from their own evolution equations.; ;ff s

"

el It is to be noticed that the property listed initem 1) allows one
to divide all mechanical equations into kinematical and dynamical
requations of. motion, equations of balance and- equations of -the envi-
ronment which replace the customary force laws. .Among ! these equations
the kinematical'. equations .of. motion ‘and the . equations ‘0f balance have‘
“universal: and standard forms while 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.: They are necessary to complete the theoxy and to guarantee~'
‘its Galilean covariance. The equations of environment ! acquire their
~beautiful form only after increasing the number" of - vector—valued mea-—
sures of mechanical interaction mentioned in item ii) Apart from the\




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 suck -

possibilities will be described in the present naper ‘For all neces—‘:

sary details we send the interested readers ‘to Ref. 2\.
~Tt is straightforward to extend the new Galilean covariant dy—<
- namlcs described in 2/ to mechanical systens which contain more
than one particle. We shall" describe this ezten51on in two steps."
The first. step 1is common to: all“passages ‘from one-particle to

many-particle systems and consists Ain 1ntroducing separate, indivi—,;7

dual kinematics for each ‘particle . of the’ considered system since

_otherwise we could not speak about many-particle systems at all.s = b
This means. that for N-particle SyStems we. have to consider {A/ e T

nematical equations of motion f‘m Con

():. UA' (t)

(t) aJ(‘-) Pk

and JN dynamical equations of motion-: -

Q(l)- I (})

where : J = 1 2,...N; and ﬁ@) ﬂ)and tl(l) are the usual traje tory

function, velocity function and the acceleration function of the Jth B

particle,'respectively. The quantities :[(H
represent .one of ‘the vector-valued measures of menhanical interac—

tion of the jth/ particle with its environment.»
F(t) SN

ce I W and the standard notion of: the. force :

and. 5(0 ‘provide. the complete description-of:the dynamical ‘action: of
the environment of the particle on-the” particle itselfoiy oo
The second step in; passing from.-one—particle to. many—particle
Systems consists in introducing ‘a corresponding ‘dynamic s, ::The -new j
“ormalism described in. Ref.«% ) allows ‘one to implement this step
either in a standard or-'in.a non—standard way and this is one- of'
the advantages of the new.. formalism. [ 5 ; s

In the standard way we introduce for each particle the notion

st iy S

g; called 1nfluences,',f’

We would like to' stre{
here the conceptual difference ‘between: the new notion of ‘the’ :influen~
The former :
is a measure of non—uniformity of - the ‘motion- while thelatter mea—00y
sures- the violation of, conservation laws during the- motion.vBoth I'H)‘f.

"fof its momentum

ricond 1aw of dynamics .”'“

‘fiintroduces the inertial masses Pb
g_mechanics works with the additional assumption that ik

but an’ alternative case of violation of equalities (7) may be oonsi—f
dered as well 4/‘; : : .y '

3'.follow below consists in the following- In contradistinctic',
Ynematics we do not introduce separate,dynamical characteristics

,Aﬂscripticn of the system as abwhole.iThis means that the dynamics of
O the N—particle system is collectively described by one total momen— .

o tum, 1>(£) which cannot be represented as a: sum of individual mo—-.f'
limenta of the particles because the latter do not exist
" total force;
foroe of the individual forces’

. r_;ce F(&) L

"“\force

.and . the notion of the force

X J (t) aot-—;‘ \
“'ing on the _th particle. The: dynamics of each particle is then de-"
fscribed by the mewton equations of balance ‘ g

PJ (f) = U)

‘{The inertial properties of each particle appear in dcuble face'/?/~‘f

p; ® .

)

since the Galilean transformation rules for the momenta

e 3

,;t“-’n (*') ﬂn‘”*m . b @

introducesthe Galilean masses nu of the particles while the se-uq:

il

F'

Au) Mdad(t) A e L )

of ‘the particles.:The standard

by one
which alsc cannot “be. treated asA .resulting =
5(&) because the particles ‘do not':'
feel any force at all. The total momentum 'P(f) and the total for-
satisfy the Newton equation of balance

F)

Ve
e

‘;and the motions of individual particles are solely governed by the

dynamical equations of motion (3). The _individual influences 35(”

~are related: in"a certain way, we shall discuss below, to the total
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Vie shall not Vizualize the total force P(l) .as a three—di— ‘on classical prototypes in which the confinement of particles is ex—

menSional vector acting ona partieular,ooint in’ spaoe and therefore j "cluded. To ‘have nhysically well motivated theory of confined part— .
ve should not’ answer the usual question which asks at. which point : ‘i icles, we: should construct it from an assumption different than the
- the force 1s applied.. Ve restrict ourselves solely to- the,interpre—; ) i “usual theories have - incorporated in. It is therefore highly. necessa—
tation of the force F(U ‘as a vector-valued measure of interaction “ioory to study alternative classical prototypes for new quantum theoriea |
of the: system with its envi ronment which violates the conservation‘;y }§L and this was the. main motivation of writing the present Paper-k..”
law of the total momentum. R A TIR  o ‘ [T S o R 1 In addition,. it should be- taken into account that all detection
Under Galilean transiormations the force, F(}) +ransforms ink." ?; ‘methods in particle pnysics are based on’the princioles of classical

the usual way .- . - e S T . ‘! ;- physics because the interaction of. quantum particles with measurement
EEEICITON SR N . . Lo g0
;:(%) — F7(40"'72 F{l) ':~'~f*~t' ';.»‘4""'ﬂ(9)ﬁff J, apparata is always classical. Therefore, independently from any

o . G e 1 quantum theory which may explain the confinement any - complete theory )

- oiﬂllarly, the transformatlon rule for the momeqtun ’7)({) must“be : G- of- confined particles has. to look for alternative approaches alreadyM'
of the form - ". L S on the classical level. . LESEi ST R e G
A N RN o _ One crucial novelty of our approach to Galilean covariant ‘me—

’P({)—b'ﬁs ({) 1)( S - (IO) o i,, chanics /?/ consists in rejecting all known force lavis and. in repla—;
; ‘ cing them by a system “of differential equations from which the in— :

Ufluences and forces may be determined. In Newton 's- mechanics the in-

\fluences Ij&\ and forces [h always are related by ulmple rela—

tions ,j‘7 ;:‘, '

anaintroduces the notion of the Galileqn mas°'701 of tne system of
N particles as a* whole. The ‘notion of its inertial mass will be "
introduced belor.,We do. not. introduce the notion of indiVidual nas—.
ses. of . the particles because for them vie have neither individu 1
momenta nox - individual iorces.lTherefore,,for the considered, nartic—\
les we' can write neither equations‘(5) nor, equations (6) The pertic—

(€)~— M Ld(”

N

les of the conoidered systems have only individual kinemetics but B uvjii{ﬂ~ In more sophi tioated fonns of mechanics the differential equa—
are denriven fron individual dynamics.:In this sense the particles 451 ; f tions which relate ‘7 :andiﬁ l .

are "confined in a system" because they cannot realize thenselves,:l~"‘ R ‘l= ;ox~~'3\ R A

as individual mechanical entities.:Thev may etist only as consti—;;:rg ;‘;),,Eh;"ﬁki,‘: “PC (F) F F‘)fI‘

tuents of collections and there is ‘no poSSibility to extract irom;

these- collectionq any individual constituent or a. cluster of cons—:WF
: tituents. : ‘ ’ T :

“ g ¢ . ; . f Uy

i'ﬂ‘whére‘g#g* is a function of its arguments collectively denoted here o
by ‘letters w1thout the ‘label” j: and the label ¢ :runs-over ‘a’set

We . are iully iw ire that .our point of Vleh on thc nature of con—» L e
fined particles i very radical ‘and it may be reaected by the arpu-\kl: ~@ which is sufficient to produce a complete system of diffeiential e

ment that inm the domain of classical mechanics ‘all parthles should "equations “for specification °f all I(t) F “) In. aPy 'hkpk\
be' treated in’a claSSical way. Confined narticles ooserved in Nature¢’ : ‘mechanics of ° confined particles we hqye onlv one force F(H ‘(ff,andik
are obaects quite different from ihe usual’ particles Just due to SERET | hJ'* influences i U) ‘., and consequently we should modify the

their being absent in a free state.. They cannot therefore have al1 the iﬂ‘ standard way of writing the differential equations (11) and Q2). .
attributes of usual -particles and any. theory of confined’ particles‘ - i? To do tbis’ let' us| observe that in the’ standard mechanics the force

has to- take this fact. into account from the very begining Otherwise,i‘ §§' F(t) may be represented in’ the form : : : . IR T
irrespective of any- eventual partial sucecess, a theory of that type (§< . o ; (é) e {) k‘f" "‘_f - ii[ 7; SO Ay(lj)d '
is Physically wrong. Realistic confined particles are quantum obJects SN e F ;E; ( S ~;f Tﬁ"?\9J3_3",; Ln o
and any. realistic .consistent theory of such particles must:be cf A v T B P T ; e ' £ R
quantum type. Unfortunately, all present quantum +heories are. oased .£ y~,;‘where“ FjU) ..-are the forces acting on the Jth particle. Fran this

4

renresentation and (ll) we find the. equationf.




~.f?(e);= 2N Jr(e) e ;; v ‘j']’ff;ff:t‘f,=(14)-‘

which apart from’ the undetermlned 1nert1al masses contains'quanti—
ties used also in the: mechanics of confined narticles. ‘We cannot

novever take this equation as one ofutne eQuations of the environ_\ia

ment because confined particles have no inertial masses’ ana the .

meaning o: the coefficients in (14) la not clear. e have c.rgued
i Ref.)
fluences -and forces: may be 1nternreted as couplinn cons

soning we: could take instead ‘of. (14) the equation i

F(” -Z “’ v';«- i ,f’<,15>f1 "

j:f 1,2,...N) are fixed coupling constants. However,
such; an approach leaves too: much arbitrariness.-The situation is
much better: for identical particles because for such. particles all:
relations should be. symmetric under all: permutations of quantities
ascribed to 1nd1v1cual particles. This means that for 1dent1cal '
’particles instead of (15) we will have B : ”

where §g,x (’

" that all’ constants that” anpear in the equations for. 1n—uf«k.
ants’ of - the\a/,i
model of the" particle environnent, and folloawng this line of rea- o

?w;aZf o ‘g:”f”'"’”f7ﬁfeﬁwl

J—l

and we have to do only w1th one: couplinp constant the meaninn of
which’ is eas1ly established.” To . find the 1nterpretation of - ¢x 5y let
us observe that the case of ident1"a1 particles 1s the only case for
which the usual notion of the center "of nass has a purely geometri—
cal’ neaninv independent of the values of masses of particles. In
fact, for a
center of mass leads to the following identification of “its. position
vector :

its velocity<

,ten of ;identical .particles. the usual definition of the-

X(%)~‘—Z (e) (17)

el L s

,tems because the force

; A5 - Lo e e
No=gzge o o e
and its acceleration . | | »

A(»—

.:Ld (4) (19 )

[Clearly, all these conceots have a pure geometrical and kinenatical

meaning as the average pos1tion, veloclty and acceleratlon, respec—

itively. We may therefore use these ‘notions also for systems of con-
- +flned- particles for which the notion of mass of the- individual
o narticles is not defined. The equation of motion for any system of
'confines particles aswhole will ‘then beof the form

B

Femie @

’ where Eﬂ is the inertial nass of the system as a. whole. Differen-yf-
7t1ating now this equation we get : ; L

'7‘-*)‘ N %7.‘%;,‘,*,"_ N;Z.*ﬁf( §0 0
and comparing this result w1th equation (16) we ‘come - to the identi—f
,fication - ; ’ ;J - Ll A o r“ : S

,and this comoletes the interpretation of the coupling constant oL .

Clearly, equation (16) is. only. ore of equations which should

v“'determine the - influences. We still need more equations to. determine.f
/;the individual influences of ‘each particle. Whatever their form may

" be; they should-not contain the total force FT&)
" haviour of an individual confined particle should be 1ndependent of

because the be-

the interaction of the system as a whole ‘with its environment..Con—

wsequently, the environment should never be able to disjoin the
'particles into separate clusters or constituents. This may be achie—
" ved 1f we:postulate. that the‘ only equation in which participate

: ;7(&) is eqﬂation (16) The eventual equations for" determining

f3U) should ‘arise from treating at 1east two many—particle Sys=—
({) s connected with the interaction -



of the system as a whole and not with the interactﬁ on of its in—
dividual constituents.

Since the remaining equations which contain indiv1dual influen— :

ces should determine only relative motion of the confined particles
ve must, instead of (12), postulate equations of the +ype

4%1 (l K, 14»« I ) 0, ’, @
5"_:1 K,‘(,,‘___—_Id(n_ fI@G) s )

aretherelative influences.‘ s " ‘ Py
Solv1ng equations (23) together with (16) we will find all
1ndividual influences I, ({) and ve may int egrate all kinem'z.tical
equations (1)- (3) Each equation needs however some initial condi— i
tions: in order to specify the physical quantity determined by this‘
equation, and the. overall picture of the motlon of particles will
crucially depend on the choice of initial condltlons.;To keep the

oonfined particles together in sone finite regions of s'oace, “we' must Vit

additioually assume the condition

\

. ey
i

n g,(é) xK(Hl < oo ‘

,u-°0<t 4“0

This 1s a condition on the initial preparation of the system and may )
not: be satisfied.~ Note, however, that (25) is not-a defining propertj,i y

of oonfined narticles but only one of’ their particular ieature.

'l‘o illustrate the propo)ed approqoh, we complete the paper with et

a Simple e emple of the system of two confined particles for which
equations (23) are of the oscillator ty‘pe S Tl

and for which the external force F(f) is constant in time. Clearly, .

equation (26) has the solution

SRy

< ;-;T,z m‘:@f@s wt + 7 ;.'_n);)t_ﬁ g e

e e R

"n"‘"tlf‘les in. tho., fol"\ .

e Xi(i)— ol, +[’>11‘ +J4 ¥'>-‘- I s«nut t 5 Ja»ut

-~ Imposing now the:initial conditions ' . =

‘fzsjgfir‘

—

",where I and J . are t\"o integration con .tan which describe the

‘inter'xal stvuoturn of the’ systen and ..nioh have to be detemined Irom‘

some x{inu of 1'11t 2l conditions. F*‘orr (16) and (27) we get then the

1no*vioua1 iniluences in the form

Ij.u): }I cuxui' +43 s.wt o e
I',“( = %I conwt — 17 smu)lf
and. integr ting eqhations (i)v-v-(})"we gke\t'"t‘hn ‘“aJectorles ‘of: ',

Ce

“(29)

_,- ](,u)wé
X.L(H = 0‘1 "P‘—t +a/z{ + 1' s:nwi ‘u_‘);
1 where i J’rd - and a/ J.or J—l 2 are 1ntegration conot:mts to be :
'detevnined rom inltial condlti ons. Condition \2)) *‘equires tnwt-

XJ('lc) = Aéo g e - 0 ” : 2 (jl),
t ‘5‘00) = 1-3‘0 s X R . e o
d :

‘ ,5-4 (lc),; ZI.,,(J;:') = 5;,

. and using equation (20) we get the solution (29) in the form’

- = _1; ,LC_ .‘ . E —,_ 2
xi(o_:x,c i ot () ¢ g (L o) +

-

0. L§a

g e [ -enwtt] S o), 09
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xl(é)"xio ’”*w°(+ t) + (4 zd
e[l “*’;‘_‘*?‘:’ﬂf ;,!7,’-———“22,"‘,’ molw)

. ‘ RET P vf’t~, SR P ;*Q7’L;‘;,'~' LR ’l L
It 1s easy to see that the relative motion of the particles is™: "
independent of ‘the force F '‘and thérefore no external force can-

£ ; : ) - ’ LA s ;

disaoin the particles. C
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