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2 In t roduct ion 
Recently interest has been aroused in ths generalizations of relativistic particle model, 
the action of which depends not only on the length of the world curve hut also on 
its curvature [1,3-6] or its torsion [2,7-9]. The models with curvature are used, for 
• .Acsiuple, in the polymer theory [10]. And the}- can be treated as the one-diiuensioiKJ 
version of the rigid string [ l i j . Investigation of the fermior-boson transmutations jf the 
•.'h-i'Sed particle? in an external Cheni-Simons field reduced to the quautizaron of the 
re'atavistic partic)« with torsion [2.7]. So far the models containing onlj the curvature 
or torsion have been consid< :ed Foi the complete iess one has. to investigate ' he model 
C'lit^-iumg at the same time the curvature and torsion of 'he world trajectory. The 
рг.-seni paper is devoted to this problem. The layout of th? paper :s B.S follows. In the 
•econd section the. generalized Ham;]*-,nia.i forruTilism fo* a relativistic part jre with 
urvature nnd torsion in a i>-dimensional space-time is constructed A complete set 

ot constraints in the phase space is found, their separation uito th i first class and the 
second-class constraints is fulfilled. The third section if devoted to the canorical ijuan-
tizatiun of this model. At first the general scheme of quantization in .=• 9-dimensiona! 
space-time is considered. Further the case of a three-dimensional space-time is in
vestigated in ikuil. In the sector with positive mass squared we obtain a spectrum 
determined by an equation involving the parameters o-' t'ie model, the mass and the 
spin of a state. The possibility to describe in ths framework of this model the ntates 
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with intr^u:-, half-odd-integer and continuous spins is shown (D — 3). By malar;: .':.e 
of t h : Cnsiro.'i operators of the Poincare group w e ci instruct the wave equation and 
luvcs-'igate it in detail in the rest frame. I.i the fourth section, ihe interaction vith 
•V! external Abelitn gauge field is int'o-iuced m the geometrical way. In Cor< elusion 
(Sect 5), the obtained results are briefly discussed and the problems waiting for thcii 
si Intions av.: ontliced. In Appendix some details of the calculation oi the Foiucare 
group invariant 'V on the constraint surface are presented. 

2 Generalized Hamiltonian formalism for rela-
tivistic particle with curvature and torsion 

We shall investigate the model defined by the action 

S = -m f da - a J k(s)ds - (i J K,{e)tU, (2.1) 

where h{s) is a curvature of the world curve of the- particle, n(e) is a torsion of this 
curvo, ?n is a cor.stant with the mass diiuenaicii, о and ft are dinieneionless constants. 
If ~ :'.'."), IL ~ 0 ,1 , . ..,D — .1 is a paranv-.tric representation of the world trajectory, 
then the action (2.1) can be rewritten in the form [15] 

S=-mjin/&-aldT&-fijAr^~i, (2.2) 

where 
x ~ dx/dr, g •- (xi'f ••- z ' £ \ d •= det(d„,j), 

<=)(«> („) 
dae=x"xl„ x~4axfdTa, o , ^ ^ - l , 2 , 3 . 

in tlur J5-64m<.-i>s<i>nal граср-time the metric with the signature ( l, - - , . . . ,—) is used. 
To eliminate She snpcrl'^bt velocities in the model under consideration, we ass'iMie 

that x1 > 0. Putting x"(r) •-- r we can deduce from here the following conditions 
i 2 <; 0 and x'< '•). If u!l these coiu*4ioi<s are satisfied ihcn the radii a'lds i:i ^q. (2.2) 
are positive. 

The Lagrangiar. function in action (2.2) depends on x,x and x . Therefore th: 
resultMg Euler-Laj;rangc equations ai": ot liii4ry differential equations of Ibe sixth oder. 
The action (2.2) is invariant in.der the f'oint ич: transformations in the ambient space -
time and under the repar?-metrizaliou f — / ( r ) . As a consequcT.ee, the bagrar.gian in 
this model is singular. Lr.t us construct the generalised HamilU man description of this 
model following the pap«rts|l,2,l3]. To begin with we intionuc.'. the canonical variable. 

9i - x , ?2 •= i , 'ft ~- x . {,'. 31 
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Pi = дх dT ' 

?2 = 
dL dpi 

~~di"~d7' 

Рз = 
8L 

"дх' 

9 L d* (2.4) 

(2.5) 

(2.6) 

whore L is the Lagrangiau function in (2.2). The Lorentz indices in eqs (2.3)-(2.6) are 
omitted for simplicity. We shall do so further if misunderstanding does not appear. 

We shall need the explicit form of the canonical momentum p3 only. It is given by 

|{ = 1 » ! т - Л 1 < , ' « ' , (2.7) 
9 „ i 

where d"& is the matrix inverse to dap : da$d?^ — 6%. From (2.7) we deduce three 
primary constraints 

ft) „2 
(2.S) У 2 , д2 42 Ф\ = Рз + P — -9 

= 0 , 

(1) 
Фг — РзЯг = ° 1 
(1) 
0з = РэЧз = 0 , 

(2.9) 

(2.10) 

where g = (?29з)2 — 9|ч| • They have the same form as primary constraints in the 
theory of thi: relativistic particle with torsion [2]. 

The Poisson brackets will be defined as follows 

The primary constraints (2.8)-(2.10) are mutually in involution 

(1) (') , (И О , (i) ,<i) О) (i) 
{Ф,,Ф,У = 0, {ФиФз} = 2 ф1 » 0 , {Ф2,Ф3У = ф2^ Я . (212) 

The sign ss means a weak equality [14]. The canonical Hamiltonian is 

H = - p i i - ргх - рз x -L = -piqi - piqa + ту/ч* + a ^ - . 
92 

The equations of motion in the phase space are written as follows 

(2.13) 

l\ = % + { / ' Я > + E M / . * . } . (2 14) 

where / is a function of the canonical variables and evolution parameter т. 
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We now proceed to find the secondary constiaiats hj making use of vhe Dirac 
method [1,14]. Demanding the sitationarity of the primary constraints 

ci A (i) 
if = {ф«'НтУ ~ °< a = 1 > 2 . 3 . (2-1S) 

where Яу -- Я -I- Y%=i л*> Фь we obtain three new constiaints 

( 2 > , o-c, 
Ф, - PiPs - P - — - 0 . (2.16) 

9 
m 
Ф-i = РгЯг -= 0 , (2.17) 
(2) a 
Фз ~ Р29з 2 \rS ~ 0 • (2.18) 

The requir'-ment of the stalicnaruv of th': :ovistt-;iiiiii (2 if; ('2.16) on the eq-Mtions 
of motion 

!') 
d ф (2? * '•*) 0 ' 
- Г - " - U . . Я ) + Е ^ { * „ <U ~ С, a ~ - ! . / \ 3 .'2.19) 

rf T i. 'i 

resaHfa in th-ro additional constraints with the : anon-cul iidii i l tci i in (2.;^; Ь^ vem 

(3) 5 . Vl^i . , i <?3 •Pi - 7'и'з + /'г -i- ;> >- • • , } • • • 0 . (.' Л ч 

(з) л -
ф2 Н - - рщг - Рг'?з * "< \ / « | "; ,v'3 ' Г ; . П-2И 

• V V ? 

.'if• tli:s s tage •,(•>? j , iu ejs ofgf i r ra( ine о/ oiie'tr:..!.-/» i" ..(< •.;." ! i'lii: icq: : ••••n\. .-'f'.l'e 
i . i i t ionari ly of the last corn.! .•. .i n; :• (V.'.-•'"') ;'2.V,'''r- i.ablrc ;;i :..' !<:ieri4i;i<- t'1..- !,4t"-.\!.gr 
(ii'.iitir.hers A a.nd >• t in tin; iot.il Haniiitonian 

,, - „, № ' » ) ' '.-ВЦ д, . , '••''• . • • : ; . . 
2 (PiPs i«vV Г | -" 3 
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"I.e.-
(Ч 

e "з(о-1) ta -' Фа' <1>Ь ~ 1>2, 3 . T h e m a t r i x $2 can be rewri t ten in a blocl form 

П 

where 0 IE the (ЗхЗ)-гего m a t r i x and 

Л = 
0 0 
0 0 

~PiPa 0 
0 
0 

0 0 A 
О В С 

-A* - 6 " £> 

в •-= I о о о 
I PiPs 0 0 

^2.25) 

С = 

where 

с 0 - p i p j 
- 2 p l P 3 О С 
-2p,p 2 0 -Ч£--

d — m 2 

D = 

С - З р , р 3 

Zpi-рг О 

- d 

i 
- 2 * _ 

(2.26) 

PiPa , р | ? ! 

s/g «ч/г 

?, + « 
«"д/5 

"! T " Ы?» ' 
'•>••• sign ' means a t ransposi t ion As known [15], the n u m b e r of the rks l c > r . 
•.•ii..!i..i!,[S cqu.iU Dim kcr $2. If the vector £ € ker fi, £ = { £ : , . . . , f 9 } then 

<4 - «. = {Т = «» = 0 , 

( P i P s ) 6 + 2 ( р ! р з ) ^ - 3(pip , ) (g = 0 , 12.27) 

2(piP3)fi " t g с _. 

«V?! 
ЧВ 

Urns we gel 
Dim ker fi -- 3 . 

rl '.^ieforein the mode) under consideration there are three fust-ch--.»..- •.' T s t r a i . ' s кис! s:x 
s c o n J-class constra ints . T h e number of physjc;. 1 degrees of freedjv-.: equals o':»ious];' 
S'J - 6 . The first-class constra ints can he separa ted by the formula [15] 

9 («; 
Ф» - E С**. « = 1,2,3. 

i.-l 
(2.28) 

(«) win re ( i t а = 1,2, 3 are the basis vectors of ker U. By mn' . iug use cf eq.(2.27) or.e 

•.iiii easily construct the*? vectors up to an a rb i t ra ry factor for each { . They have ' h e 
foll^wifl.^ Donzero components 

(»l 
i ; f s -• - 2 . <;', 1, 



, 3 > mg 4) , № (?) 

Taking into acco'mt (2.28) and (2.29) we obtain the first-class constraints 

* i = РзЯг = 0 , (2.30) 

Ф, = р 2 д 2 - 2p 3q 3 = 0 , (2.31) 

™Я <V -, UPs ('> „ _ = 0 . (2.32) = 0 . (2.32) 

As the second-class constraints u>, , s = 1, . . . ,8 one can take six arbitrary 
constraints from the set {0; , i — 1, . . . ,9} with det || {u,, u>,.} || 96 0 , л,л' = 
1, . . . , 6. This can be done in many ways. For example, one may put 

(!) (3) 
ш. = Фа= °, «>з+. = «L = 0 , a = l , 2 , 3 . (2.33) 

In this case the Hamiltonian (2.13) is considered to be the second-class constraint. 
(>) 

However we can substitute H — Wa in (2.33) by фл . At the quantum level we sliaJ] 
consider both these possibilities. 

3 Quantum theory 
At first we consider the general scheme of the canonical quantization of this model In 
the D -dimensional space-time. We are dealing with a generalized Hamiltonian system 
in the GjD-dimensional phase space vrth three first-class constraints (2.30)- (2.32) and 
six second-class constraints (2.33). The state vectors will be defined by the conditions 

Ф„ |V-> = 0 , a = 1,2,3. (3.1) 

The commutators of the operators <j„ and p„ , a = 1,2,3 should be determined b> 
the Birac brackets constructed by means of the second-class constrants ш, . After this 
the --onstraint;: w, will vanish at the quantum level identically. Therefore they can 
be omitted in conditions (3.1). As a result, the wave equations (3.1) can be rewritten 
only in terms of the primary constraints 

( i ) 
Ф* \Ф > = ° . о = 1,2,3. (3.2) 

If the canonical Hamiltonian is substituted in tiie set of the second-class constraints 

by фх , then the same substitution will take place in the v.-a*.<r equations (3.2) . 
The number of the wave equations (3.2) can be reduce.! b" introducing the gauge 

conditions. For example, the condition 

Xi = <Мз = О (33) 



•.I'tiilf '••.isiJi . J . ' : 5>iii:pliPc;'.'io". From (3.3) it follows ' h a t 

<j\ --. const • (3-4) 

I'hn^ -q (3.3) is. in fact, the proper l i r . e g;..-.:ge This j .auge el iminates i ompletely the 
'nncvnna l freedom in the equat ions of motion (2.14), and the last Lagrange mult ipl ier 
!'if!;s out to be 

A2 ,- qllql (3.5) 

Jn principle, wc oan impose one or two gauge condit ions in addi t ion 'o (3.3) 

Xc(?«, P . , 0 --' 0 , с - 2 ,3 

demanding Chat 

-Jet !|-j>„ Фл}|| ?* 0 , a,4 = 1,2,3, (3.S) 

^5r f fx„ tf} - E Д. {хг, ' £ } ~ о , с = 2,3. (3.?) 

4vin4-e A a . . - 1,2 о аг^ determined in (2 33) and (3 Ъ). 
/'• .i'hi r «ijiiplifir.-itiwn i:" achieved when D — 3 . In thif case three vectors 

Ъ H- .'•'• f ' - i n .by v i r tnoofUie . .> i i s t ra in ts (2 .8) (2.10) and gauge . c H i t i - ^ , (3.3) . (3.4) , 
• -,-4i.,ilc'r- o r thog ' nal basis. The velocitv .j£ is a (.'ine-like vector while M'." \ccei-
T' : l i ' i i q% and the m o m e n t u m Рз are the so, . . :ei ike vectors. The const ia ints 

J>a '}, a - i , i. 3 o iab les ns to ob ta in in t h b b a u s the nxp«. ъ on for t.he inorien-
(',11,1 f"? 'U th-2 fcl «'. 

ft 

P? = « - Э ^ = , ,, - 0,1,2. (3.8) 

The cons t ra in t ; . i , -• 0 , a - !,!2,3 and gange condit ion (3.3) de le in i ine the 
project ion ' of She m o m e n t u m ;>* on the bauis vectors </£. <jj' and j/J 

p , 0 2 -• myqf. , р 1 < г з •= 0 , p;p3 -• / ? 2 / « l . (З.Ч) 

From here we dedu-.с 

РЧ = ^ ™ + rf ?J . (зло) 

Stjiirtring < o. (3.10) we ob ta in 

p] - Л/ 2 - тя* !• />2 - 4 j i , (3.11) 

wh.-ie Мг is the • nass of the p a r t i J " -Aiih the action (2.1). From (3.11) it follows 
tha t 

M1 < m2 (3.12) 
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and M7 к not positive definite because g| < D . Thus in the model under 
i onsideration the squared mans is determined by t.'ie initial condili-jv.s ( by the Caurby 
data ) for variables $3 and it can be either positive, or negative, o\- it can ^dnish. ' 
Further we shall coTifb.e our consideration to the sector in this ni>xJe', wheie pf -
M* > 0 . 

Let us examine the angular momentum in this model 

3 

Mm, = 5Z (Q°fP™ - 9°"1V) • (3.13) 

At the quantum level the algebra of the operators M^, should be deternir.sd by the 
commutators of the operators qa and p„ , :• = 1,2,3. In their turn these commu
tators are defined, as mentioned above, by the corresponding Uirac brackets. But the 
requirement of the Poincare invariable" of ihe theory under consideration determines 
the algebra of the operators plfl and M^ completely. This algebra must be the 
same as the algebra of the Poincare group. Without calculating the ccrre -poi'dig Dirac 
brackets we assume that the Poincare invariance takes place. As the scalar Casimir 
operators of the Poincare group we lake the following ones [16] 

p\ = P?Pi„ . (3.14) 

W = I M^M""p] - ( A U r f ) ' • (3-15) 

In the four-dimensional space-tim^ the invariant W is the squared Pau'J-Lubanski 
vector with sing minus, W = —w^w*, where ш^ = (l/2)elt..IKrM"'p[ . The obvious 
advantage of the definition (3.15) is the possibility to use it for arbitiary D. 

The relativistic invariance requites that the physical state vectors ]»,'• > should be 
the eigenvectors of the operators (3.14) and (3.15) 

1>\ \ф> = М2\ф> . (3.16) 

As mentioned above, we suppose that M2 > 0 . In this case we can go to !:e rest 
frame where p5* = (p° = M, pi = 0) . Here we have 

W = ( P ; ) 2 MnM" = — C,(50(2)) , (3.17) 

4n the ordinary theory of the relativistic particle with the action 5 — -m JdTy/\P"\ the srjuated 
mass of the particle p 2 is positive only for the initial data obeying the inequality x2 > 0 . It is 
important that this condition, sati.sii.t! at the initial moment will be fulfilled always. In the gfnsr.-Л 
case for arbitrary sing of x1 we have 

dL 2„ , ..,. 
pu = - —— ^ m J—- sign (j-*) . 

Squaring of this equation gives 
p2 = ma ugnfx'') . 
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wb re Cj(SO(2)j is the squared Oasimir operator of f.ho 50(2) i , r o a I : ' ( ; ' ' г » o r 

ехк-iiiplf [18j). As known [17] the. group of rotations on the plane SO(2) his t^rec 
different representations v.ith integer, half-odd-integer and continuous viis'di for spin 
j . In al) these cases we have [18] 

C 2 (SO(2)) = 2 ; ' 2 . (3.18) 

It should be noted here that in the model under consideration we have to deal with 
the tensor representations of the 50(2) group but not. with spinor o^es because the 
initial action (2.1) contains no spin degrees of freedom Thus the eigenvalues of the 
Capimir operator W are 

W = M2f , M 2 > 0 . j>0. (3.19) 

We assume, in addition io (3.16), that the sl?te veclor ]ф > is the eigenvector of the 
Oasimir operator W 

W |V> > = M 2 j 2 \ф > , M2 > 0 , j > 0 . (3.20) 

bet JS proceed to the consideration of the wave equation. First we take as the second-
class consl raints the set (2.33). In addition to the proper time gauge (3.3) we introduce 

one more gauge condition that transforms the constraints ^3 into the seccnd-class 
constraint. As a result, only one wave equation survives in (3.2) 

Фх \Ф > = ( phi - f ) IV- > = о . (3.21) 

If /> — 3 , one can express the left-hand side of (3.21) in ternis of the Casimir 
operators p1 and W . For this purpose we have to calculate the invariant V/ on 
the surface in the phase space determined by all the constraints and gauge conditions 

(») 
except for фх . After a rather cumbersome calculation (see Appendix 1 we obtain 

, . , ..= !L i<± j£E*- t I£ !^^ _!L_, (3. 2 2 ) 

P2p\ 1 + r, ' ^ ' 

where 1 = /З г/(Рз9з) • Thus the condition (3.21) 

(1 - x) \i- > = 0 (3.2ft) 

if equivalent to 

[ W - (a JmT^vl + I /? I m f } \ф > = 0 . (3.24) 

From (3.16),(3.20) and (3.24) we obtain immediately the mass spectrum 

M' j 2 = ( aVm1 - M' + \j3\mf (3.25) 

9 
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I: ',. then cq (3.25) c m '•<- r-flverl with respect t" '.hs ra t io .*//•" 

:3 2П) 

Vi'b<-n 
- ! 0 I i a < | rf | 13.2'П 

t f i ' i i ' . ' i c '•//,-. takes real valii-rs mily if the spin of the st-ilc ^ sa.*.'sfii -ч the eniuliii' -» 

a 
(3.23) 

T-, if, in te r f i l ing to n u i - liint under the ^oii-'I'-i-ni*- >'3.'27) and t".- '*) Ihe ra t .o \f/m 
l"ji-;> oii-. ;.o be ii. Hoi.bio-y.'s.iueo function if ib;? .no-'W-i пагапкА-vs re. .'/ ;i.nu :.be :<; m 
У of "Л-о s f a i c 

"i "• -I J" \ \j \ , ' - / ',/3- , ' / 

Th: ^ i . ; ' e -im-tioo tc-.kes place in i<-::ie iii'in!*-- c>':ipu-u-:i* wave e ;иа1кшк [l.^j . К-т 
•i •. •- | ••> • К is not iiKi ess ti- -ч-.ч'.г.-. eq (3.18) will: rf-)>>• t ю M/n>. i "U-i.,; 
>:.. ' -. •"•"- :ч tui '* с-. ~ .? Hs'i ,'> •- 0 v.'. ( - LL:I ii.e ir:.i:-s .-:o-'i i;t ii< U;.-- !;.••• ; : Г 
'.V: : i„i : ."stiopd: ids- -.-.ith L.irsi'T, ( a •- 0 I r • .s'ilh ci ' . i-atuit ( .'.;: • 0 ! "--ri-.-i 
;-i { .. 

''.' \» •';- iii'c-.'0'l lo i.'i"':usi. !b.? rfs'.l-'.a'ioi! • j r t: ( : -.r' _!i • w i v ; T'f • >• -.h" 
•'•Uer- utia ' • < op-.T'-to'. M- .' ея-ily :t с !-i !•*• • l с f: -" " i .-i ".-st '; i-p". •. ] t* : ; ' • .r1!',-
of ( i . i " 1 ) v )t;'.vf: 

w Г: Л / 2 л-;.., Л / ' 7 , •: ; ; ' ) 

ми', _;r red i i -. to the ii'iiUipli-'а i»)i by ;'.'" . ' 'be opt.•>:•.•/ Л?:г W V K U I ' - i.->c; In..-
i O T a t i o n s ОП V.K.' 1-ЭП-': < ГЧ". b e 1;Лс-. i:i *V..* f'̂  I 

' 'r 

whvrti \p is ocr.ac. angu l i r ^;-гк;Ыс a>i-.] с : s a ponit-a.-u. t c be "i'.-iCTmint-i bt:i<-w. Л .-
i 1 e vrtve mnc i i ca v*<-* -.'i .!: usu 2т-р^п-..|Гм.- iunc'ion;, 

!/.(^) = \] c<r'-a, . (3.--'.j 
i .г 

Subs t i tu t ing of {3.2t r (3.31) mio (З.Я0) gives 

j 2 - (I , " ) 2 . O X . ( 3 / 3 ) 

Wjthj - i i ]_T;S of g<:rk!!\ iity wc слл repaid I ii-3 .Ml ii !">cr •:••>• of j rtP.d с <t= its 
fractional p&^t Tl-"s v e are - 'ея'ипк -A:th 1l"' asi:al 2 . i ; . , - t i c wave funetioru Fi"t'i 
не.-. t i t ln:less 4"c oan «le.ie.'tc- iuteg'.ii half-o id-integrai anci u in t inuous va!uer. of the 
s"in in the r.iodcl under c-jiuic!..-ration. 
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4 Tuteraction with external Abelian gauge field 
As shown in the preceding Section, in the model with the action (2.1) there appears 
a nonva.-iishing intrinsic angular momentum, i e. spin. It is worthwhile to investigate 
the dynamics of the spin variables in the framework of this model. However, when we 
are dealing with the free action (2.1), this dynamics turns out to be trivial: the spin 
squared (~- W ) and its components (~ М, ш ) are conserved. 

Here we consider the introduction of the interaction with an exteriie.1 Abelis>u gauge 
field in the model (2.1). From the geometrical point of view it can be done in the 
following way 

£.nt = - £ « X A„{ x ) - £ д л n* nf F^x), (4.1) 

where re£ , a = 0 , 1 , . . . , D — 1 are the unit vectors forming the moving basis on 
the world trajectory, ДД x ) is the vector potential of the external electromagnetic 
field and F^ is its strength tensor, ga and даь are the interaction constants. This 
Lagrangian obviously retains the reparametrization invariance of the whole action. In 
order to remove the superlight velocities we have to impose the following conditions 

—— j = 1 , n? = - 1 , i = 1 , 2 , . . . , ds2 = dx^dx,,. (4.2) 

The basis vectors n j , a = 0 , 1 , . . . , D — 1 can be represented in terms of the 
derivatives of the radius- vector x*1 [20] 

d л 
d2 x" 
77" = k i n " 
-—- = hi k7 n2 - k{ < + - j — n? , (4.3) 

пГ, 

d'sD 

d. 

— fci k2 • • • fco-i Пд_, + • • 

where k\(s) , fcj(j) , . . . , &D-i(a) are the curvatures of the world trajectory . If 
D = 3 , then hi is called the curvature and кг is called the torsion. 

The free action (2.1) can be generalized in the /^-dimensional space-time by the 
for.nula 

D-\ 
S0 = -m f dt - Yl а* f k (s) d s • ( 4 - 4 ) 

If we restrict for simplicity the summation .over г in eq.(4.4) , then the analogous 
rest fiction should be made in (4.1) so that the coordinate derivatives of the same order 
enter into (4.1) and(4.4). The canonical quantization of the simplest model of this kind 
i> ,u< i.mpiisluil v\ [21] . 
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5 Conclusion 
T h e results obta ined : .J this paper show thivt t h e poii> 'ike Lagra-ngia^s with higher 
derivatives ol t he form (2.1) d/^erioe ;» the general case the point p a r t i c l e with ион-
vanishing sp ; n . This conclusion .-elayr; on t!'e fact tha t the Casimir opera to r of the 
I 'obcau-. groi.p W p ropor t iona 1 to spin sqi i red does not vanibh on t h e physical 
sub'/jajiifcid of the phase space di-.f ned by t h ; constraint equat ions and the gauge -ren
dition,-. For D •-- 3 we have Мм-HUM :ln I-\JCI expression foe the Regfie-trajcf . -ry in 
thf F.c-dor o'" the tbrc ry without tarhyt nic s tate?. When t t - . , ( ; in oi ihc s 'r tc. increases, 
it;- шй-fs d'.'cre«,es. T h e i e i? an upper bound on the squared rnas-t ol tht- btate . If 
I) --- 3, we have here the possibility to describe the stains -wit}, in', g <:, half-cdd-
i;ate£er чг cont inuous values c-.C tb^ spin. It is impor t an t to .ti-ote tb-.t in the framework 
of this .nodt l we dealing wi th th coor-.'liaato represei . ta t ion foi the wave function e r e n 
in the саге of the half-odd-integrai spin instead of the ъ/ч'пог one. And there m n a i ' i s 
an open question v/heCher one car. here obtain the Dirac equat ion for such spin values. 
Fur ther invest igat ions are required also in order t o e lucidate the role of the tach} jn i r 
s ta tes in the model . 

Appendix 

Here we present some details of the talcnj.ii ion of the ii ivuiiani W •••• the suLrur>ni-
fold of the phase space defined by the constra int equat ions and ца^ре co.uiit ions except 

(i) 
Ь г фх - 0 . A t first we t i k e into account eqs. (2.9), {i V.w, ( 2 . J - ) !'.!.i7), ;2 .2^ ; 
(3.3) as well a.s the condit ion pi ;>j =- 0 valid in ' h e t i m e Uimension-».! spac; '.inr.e. 
As a result , one ob ta ins 

w = fi (<?; vl + qi vl) - v\ 1л 92 ? + 
+ 2 ( p, Pi ) ( Pi 9г ) ( ? : <fc ) - •£ ( Pi ya f ' A - l ) 

Now we use the rest of the constrains ( see also eqs. (3.8) and (3.9) ) fro in which it 
follows t h a t 

" '?* 
( Pi 9s У - ™2 'i\ , ?'i 93 =• а • • > = = " = ; P'- #> ' '. :• • ( A 2 ) 

\ / 92 9? , 2 

]2 



II is convenient to in t roduce the no ta t ion 

By making use of (A.2) and (A.3) we t ransform eq (Л.1) in the form 
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