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ABSTHACT, The ('IH'rgy eigem'allles of a relativistic particl(~ of arbit.rary spin aw derived explicitly
in this paper, ami aB outlinc of thc corresponding states, with ordinary ami sign spin, is discusscd
by a procedurc indicatcd in a previolls publication,

HESUr--fE:\'. Los cigenvalorcs (le una partícula relativista de espíu ari>itrario se deriv;m explícita-
lllente en este trahajo. Se indica esquemáticamente la deri\'aciélll de los correspondientes eigen-
('stados usando los cOllceptos de espín ordinario y ele signo d('finidos (lB \lila pllhlicadóll anterior.

PACS; 02.20.Qs; 03.G5.Fd; 11.lO.Qr

As is wel! kllOWIl t}¡c Dirac cqllation fol' a syst.elll of n Ilon-inte!" acting partidcs can be
writtclI a,~

n

L (a" . p" + (1,,),;' = 1';';"
1t=1

(1)

in Illlits in which 11. = 1/1,= e = 1 ami where

(1" = I (9 I (9 ... (9 I (9 (1 (9 I (9 ... (9 1, (2)

(3)(1=(~

is a direct prodllct ill ti x 4 ma.trices where n - 1 of tlWIIl are llllit.y alld in thc u position
we have a (1. A similar ddinition holds for the O". The o, (1 have the standard 4 X 4
lJlatrix fortll

w¡",re a is the vector of Ihe Panli spin matrices. TI", mlidity of (1) is jnstified [lJ "!'
lile [ad that by sq\laritlg, rcarrangitlg. squarillg agaill, etc. alId llsillg tite allticollllllllting
propprt.ips o[ tite 0:1/, (Jll we catl ohtaill a 211 degn'(' algehraic ('qllatioll ill\'ol\'illg oul!' the
E and tlle Pn alld its 211 roots tllrn out to be

(.1)

as tile Einstein rdation leads IlS t.o expcct..
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Nothing prevcnts 11ScOllsiderillg the ca.."ieWhCIl aB t}¡c IIlOIllellta are eqllal. i. e. PIl = p.
u = 1,2, ... , n amI in that case we have an equatioll rOl' a single partie!e, ¡mt as eac}¡ O:U'
has spill ~, the prcscllce oC n of them illdicate t}¡at otlr particlc wOllld. in general. have a
mixture of SpillS \vith valllcs,

n n 1
1 01' o.2' 2 - , ... , 2

Thc equatiOlI \Ve llave lo dcal w¡th ha.<.;thcII tite fortll

n

¿(o" . p + (J,,)7j, = uE7j,.
tt=1

(5)

(6)

Note that ill (6) the energy E of Eq. (1) is rep!aeed by uB as eaeh of the terms in
ti", Idt hallll side of (6) makes a contriblltion and \Ve \Vonld like to d'''lote the energy as
the average of these contriblltions [1).

Note lhat the lllOlllcntuIIl p is au integral of Itlot.ioll. a."'i it obviollsly COIlllllutcs with
the operator on the left hand side of (6). \Ve can Ihen repl'\I:e Ihe operator p by its
COllstant vector eigcIlvalllc k amI. if we choase OHraxis :rJ of coordillatcs in dircctioIl of
this vector, the eqnation (6) takes the fonn

"¿("3uk + (Ju)1/; = uB1/;.
u=1

(7)

Now our ohjcctivc is lo find E as a futlctioll of k <tI1<1[01' lhis pl1rposc \Ve note t.hat

\Vhile

[":luk + (J", "3v + (Jv] = O, whell u i ." (8)

(9)

as (O::lltr~, {i~are Illlit <1x 4 matrices while 03uf1u + {i/[n:lrl = O.
Thlls wllell sqllaring Eq. (G)l rcarranging, squarillg agaill1 dc. we an~c<tlTying exactIy

the same pmeedure t.hat t.llllk liS fmm Eq. (1) to the relat.iotl (4) for ti", ellergy. hllt \Vhere
E is replaeed hy uE atld alll'". 1l = 1.2, .... 11 hy k. Thlls we have

uE = :l:Jk2+l :l: ; k2 + 1 :l: ... :l: Jk2+l ,
and aB possiblc valucs of thc energy can be exprcsscd as

E", = [(u - 2m)/u]Jk2+l. m = O. 1, .... 11.

( 10)

(11)

ClcarIy aH tlw difrcrcllt cnergies Em correspolld to highly df'gC'llcrat(' st.atf'S that !Hay
llave thc vallws indicated in Eq. (5) for both t1w (Jrdillary spill alld tIl(~Hew flIle we
introduced il! Hef. 1 as sign Spill.

To obtain tite ordinary and SigIl spins associated \....ith tht' va)¡ws (Jf tIlC ('Jl(~rgi('sEII!'

W(~ w01l111hav(~to (~xpress 2:;:=1 0']10 2:;~=1(ilt in t.ertllS ()f t.ilP gPIlt'rat.ol's (Jf a U('I) grollJl
as is dOlw in Bid'. 1, and d(~tcrIlline thcn the matrix (jI' the op(~rat.()r Oll t.lll~lcft haIHI nf
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E'I. (7) with re'peet to the eigen,tat.es t.hat are I"",¡, of irreducible representation, of the
ehain of groups U(4) ::J 0(2) 0 Ú(2). I3y diagonalizing thi, finite Illatrix, '''' the irreps of
U(4) are integrals of rnotion, we ,hall get, ,,,,"ociated wit.h the eigenvalues Em of (11) t.he
eigenst.at.e, of definit.e ordinary and sign 'pi n t.hat correspond to this energy.

\Ve ,hall not present. this last analysis here as it. is a sirnpler aspect of the one given in
Ref. 1, and t.hus we conclude by ,t.at.ing t.hat the relat.ivistie free part.icle with arbit.rary
'piu can he fully discussed in the forrnalisrn present.ed hefe.
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