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Abstract

The covariant formalism of the generators for the quantum group
SLy(2,C) on the quantum spinor space is constructed manifestly,
very similar to the ones onh the quantum group itself proposed by
Woronowicz through his 4 D, calculus. Also constructed is the set of
eight generators for th: quahtum Lorentz group on the bispinor space.
In the limit ¢ — 1, these generators reduce to those of the left and
the right SL(2, C) plus two corresponding Casimirs.
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I Introduction

The importance of the idea of the quantum groups [1] is now more and more
extensively understood by most of physicists. This is due to its close connection to
the Yang-Baxter equation (2] which plays a deep role in various physical problems.
In our opinion, as for the classical group, for more direct physical application, the
view considering the quantum group as the “quantum” symmetry of some basic
physical objects, or “quantum” space, is more attractive.

The noncommutative differential calculus over the quantum group itself and
the generators of the quantum group have been established by Woronowicz {1]. A
general construction of quantum group as linear transformations upon the quan-
tum plane has been suggested by Manin[3]. And the covariant differential calculus
on the quantum plane was developed by Wess and Zumino [4| and generalized to
the more general quantum spaces including the quantum orthogonal plane and
symplectic plane[5], and more recently, to the quantum Minkowski space6}.

In this paper we would like to give the explicit covariant form of the generators
of quantum groups SL,(2,C) and SO,(3,1) on these quantum spaces. The main
tools are the consistent covariant differential calculus on these spaces[4,5] and
the projection operator method developed in Ref[5-7]. We start with the linear
representation of the SL,(2,c) on the spinor space in Section II. With the help of
the differential calculus on the spinor space, we construct the differential realization
of the covariant generators explicitly in Section III, just as the ones for the ordinary
SL(2,c) group. We have a set of four generators satisfying the relations similar to
those given by Woronowicz [§] in considering the 4 D calculus on quantum group
SL,(2,C) itself and by Wu & Zhang recently [12] in developing RTF method {l]
to discuss the differential calculus on quantum matrix groups. In ¢ — 1 limit
three of them reduce to the generators of classical SL(2,C) and the fourth is
connected with the Casimir operator(total angular momentum)[9].Then we turn
to discuss the counterpart set of generators in conjugate spinor (dotted spinor)
space in Section IV. Combining these two set we get the total eight generators
of quantum Lorentz group SO,(3,1) in the bispinor space. The action of these
generators on the spinors as well as the 4-vectors is presented in Section V.



II. Quantum Spinors and R Matrix ‘

We start from two-dimensional g-spinor 2® = (u!, u?) = (u, v) with its components
obeying the g-deformed commiutation relation

uy =q vu . (2.1)

This relation is preserved under the transformation of the g-spinor (The summation
over the repeated indeces is understood throughout this paper)

u — w® = MOuf M—_-(: 3) (2.2)

if M is a GL,(2) matrix with its entries satisfying the definition relations

ab=qba ac=qce ad—da=(q-q')bc

be=cb bd=qgdb cd=gqdc (23)

and commnnting with the components of the spinor, i.e., au = ua etc. The relations
(2.1) and (2.3) can be put into the following form

uuf = ! R"é,,;u"u‘s , - (2.4a0)
RO My Moy = MO uMP g R g, (RiaMy My = My My Tty,) (2.4b)

by introducing the numerical &, matrix associated with GL,(2)

Blo) = (B8 .\ = 99
R(q) = (R*\) = 0 | (2.5)
q
which satisfies the Yang-Baxter equation (in the braid form)
RipRaafia = RyaRioRns (2.6a)
and the reduction relﬁtion
(R-q)+q¢")=0. (2.65)
The left-acting as well as the right-acting eigenvalue equations can be written as

R(Q)Amﬁ tm(?)m‘ =4q tm(?)aa ) R(q)‘w% 3(‘1)16 = “‘1_13(9)0{’ s (2.7a)

P(0)apR()Pvs = ¢ T (@)ys »  3(9)apR(9)P 46 = —¢7"5(q)s (2.7b)

Now since the matrix R is symmetric, the components of #"(g) and 3(g) may be
taken the same as those of their left-acting counterparts t,.(¢) and s(g), namely®

10 0 —¢'*\ ..
te(g)* = (0 0)1 ta(q)*? = (_q—l/‘l % ){2] 1 )

t_(q) = (0 _?1) , 8(g)*? = (_fm q_(;“) [2]73,

(2.8)

[=]

where the g-number is defined as [n] = 1}_%’-;_:,1. The g-analogue of the Levi-Civita
symbols €(q)ag and e(q)*# are related to the singlet eigenvectors

(@)as = —[21"*5(q)ap » €(9)*® = [2]'/*s(g)** (2.9a)
and are normalized in the way such that
(@)ape(a) =827, (9)*Pe(q)py = & - (2.98)

As is used in Ref[6], t.(g) and s(q) are grouped together to form the matrix-
valued four vectors

tu(a) = (tolg), tm(a)), tola)™” =g 3(2)* ; (2.10a)

) = ({®(g), ™), L@’ =q"5g)as - (2.108)

It is easy to check that t,(q) and £#(q) satisfy the following orthonomality condition
tu(@)°® ®(q)as = 6, (2.11a)

and the completeness relation
(@) P(q)ys = 885 = B . (2.118)
The projection operators for the triplet and the singlet can be defined as
QD)5 = tm( )T ()ys »  QM(9) s = 5(0)75()ns (212)
respectively, with the properties
Q(")Q(J’) - ,5:':’Q(J') , Q(l) + Q(ﬂ =E, (2.13)

3The convention we adopted here is different from that in Ref[6] by exchanging + and—.




R mntrix and other relevant matrices can be expressed as the linear combination

of Q's,

R(g) = 2Q%(g) + MQM(g) = ¢ — ¢7'QW . (2.14)
Coversely, the projectors can be re-expressed in terms of R:
R-ME R—NME
@ B=ME g _ E-ME
Q= 3TRE, Qoo Zo el (215)

From these relations and the Yang-Baxter relation (2.4b) and the Yang-Baxter
equation (2.6a) we see immediately that

QM M, = MiMQY) : (2.16a)
QQR?SRH = RnRqu? , RnstQQ = QQ‘JR,,R” . (2.160)

The preservation of the g-commutation relation (2.1) comes from the fact that
¢(7)ar and €(q)*? are the eigenvectors of M ® Mwith Det, M being the associated
cigenvalue:

M, MPse(q)" = Det, M ¢(g)** , (9)apM*,MPs = Det, M €(q)s  (2.17)

wher» Det, M = ad— qbe is the center of algebra generated by a, b, c and d. For M
with Det, f = 1 we say M is an SL,(2, C) matrix. In this case we see immediately
from {2.17) that

Mav‘(‘f)75MBJG(Q)Ba’ = 8% (2.18qa)
e(9)pra MOre(9) MPs = 8P (2.18b)
This implies that .
(q)*  MPse(q)pa = M~V (2.19a)
(9)paMye(g)" = (M) 7", (2.196)

where M! is the matrix transpose of M. Now since €(¢)pa{= —€(q™ )ag # —&(q)ap)
is not ordinary antisymmetric with respect to a and f, (M~!)t # (M*')~'. This
fact tells us that starting from the basic spinor u®, we can build two different types
of lower index spinors. The one is

g = vPe(q)pa — UM, (2.20a)

and the other
i = (Q)ogt® — (M), (2.208)

So two types of invariants can be formed
tot® — u MV M = usu? , (2.21a)
uily, — uPM (M) T i, = v, (2.21b)

In most of the cases we use lower index spinor u, which transforms contravariantly
to u® as in (2.21a). The only exception is the derivative spinor Oy = 52—,, which
transforms as in (2.21b) indeed:

By — (MY 7 8, (2.22a)
Then
6,8 = 0,uP — (MY, Bl MY = (M) ,7 6,5 MY =67 . (2.23)

Therefore the derivative spinor with upper index 8 = ¢(g)*?8j transforms just as
the basic spinor u® does:

(q)™"8, = 8° — M°30° . (2.22b)

The components of the derivative spinor obey a g-commutation relation similar

to (2.1)
80, = q 015, (2.24a)

which can be re-written as
30 = ¢ R(g)as™ 00y - (2.24b)

For consistent differential calculus, we also need the relations between coordinates
and derivatives. The result is first given by Wess and Zuminol[4]:

Bou? = 8,5 + CP%5 uP O (2.25)

Of the two possible choises in the following discussion we choose C = ¢"'R™ .
It can be easily checked that the above relation is covariant with respect to the
transformation in (2.2) and (2.22)

The conjugate spinor iig = (u”)"transforms[6] according to the hermitian con-
jugate of the quantum matrix M:

i — MY (2.26a)



Then
' % = ~de(q)P% — M4, a' 2.26b
f¢] ¥

froim 2 similar relation for M as in (2.18). Quantum matrix M = (M*)~! satisfies
the Yang-Baxter relation similar to (2.4b),

R&b;yél\.lﬁﬁu\—l‘g, = M%!M"}g,f?d,é’ﬁ,g' (2.27)
and ~n additional relation[9] with Af:
RS2 MO 1 = WO MPG R (2.28)

Similac to (2.2b), for & = 5%, we see 03 = —e(q)ﬁééd transforms just as the
dotted spinor i does. Now considering ¢ real and taking the complex conjugate
of Eq(2.1) and (2.24) we obtain that the components of the dotted spinor &%, and
components of the dotted derivative spinor 8* obey the relations

G3il; = qiji; , 5 = q(';é(';i (2.29a)
ﬁzhich can be recast to the B commutation form
8505 = g B yugu, , B = ' RES, B (2.295)
Also we have relations among @; and g4

7,0% = 6%, + " RV (q)% 4,575, . 2.30)
] 8 Ba (i}

In discussing the bispinor comprising both u* and 4, we also need the cross
commutation relations between u® and 4, between 8, and @ (8% and u®) and
between d, and 3%. The results are found to be

iy = Gyl gR ()5 (2.310)
0785 = @, RV (q)P%, , woBa = BpuPR7(9)%%, (2.31b)
80 = 5500q1~3_1(q)’§6[;& . (2.31¢)

The consistency of all these relations can be directly checked by considering the
triplet product of operators chosen from (u®, 8, i, 3;) and altering the order in
two different ways. )

Starting from the given 4 x 4 R matrix (2.5) we can obtain different higher
dimensional R matrices by using different “fusion”: for example

R, 5= Ry RP (= PpaRaz R3aPrs) (2.320)
is the R matrix corresponding to the quantum group S Oq(4),‘

7'3""'255»,,;5' = g RO Ry R 05 R7(9) pry(= 07 ResRuzRaRa3)  (2:325)
is the R matrix for the quantum Lorentz group S0,(3,1) [6,10], and

Raa';fg:,,rs' = g 2RO Ry R o B (= ¢ 7% Rag Rz RaaRs) (2.32c)
represents a reducible R matrix[7,11]. By multiplying .5, &5, t2'? and e,
Eq(2.32c¢) leads to

Ty

R* . G (‘J)oa{:sﬁaﬂgfp'.w'tfﬁ"f}

i

3 § B } (2.33)
= R%, @ R™u® R0 @ R™y .

Here the reduction of R*¥,, comes from the repeated use of (2.16b), and R™, is
a R matrix associated with $0,2(3), corresponding quantum matrix being[11]
' D™ = P"(q)ayM® s M sti(q)?? . (2.34)
Similarly, from Eq(2.32b) we obtain
R = BB ROVt (2.35)

which is indeed the 2 matrix for quantum Lorentz group with its singlet eigenvec-

tor

Juv = (g+-19331 9001é~+) = (_qqlv -1, 17 _q) (236)

being identified as the g-deformed Lorentz metric{6].
III. SL,(2,C) Generators on Spinor Space

Now we are ready to construct the set of generators on the spinor space. As for
ordinary angular momentum operators in the classical spinor space[9], we consider
the combination operators

L% = u*d = ue(q)""8, . (3.1)
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From (2.24) and (2.25) |
0o = 7 R 05058, , 0t = 6,7 + ¢ RN (g g O

and the important relations

(D B s56(0)ra = QR0 pra = €(@)prsr R Cayre(0)™™ (3:2)

e nbtain
6"uﬁ = e(q)aﬂ + q—ZRaGB,a’uﬂ'aG' (3.36)
39 = ¢ 'R 5,07 8 (3.3b)

towether with the relation (2.4a)
utuf = ¢ VR P (3.4)
Then by a straightforward but tedious derivation we obtain

LAY — g IREP g L LS 63
= ¢ RN (9)Parpe(q) " R (9)" 5 R ¢u 47 + €(g) L8

vhere R™P¥ .5 s is the R matrix defined in Eq(2.32b) which can be transferred
to 7%, \ as in Eq(2.35). As is discussed in Ref[6], the 16 x 16 R matrix R**,, has
threc distinctive eigenvalues: the single one Ao(q) = g3, the sixfold one X;(q) =

--¢~" and ninefold one Xy(g) = q.

G(Q)uv’kﬂ”m\ = Xo(@)0(q)nn »
T™(9)u R™ ex = M(Q)F™(g)en (3.6)
wmn(q)uvkwm\ = AT(Q)“-’”"'(Q)K/\

where for ii(q), m = +,3,- and s = %, for @(q) (m,n)= (2,0), (1,£1), (0,+2),
{0,0),(1,£1) and (2,0). To write down the explicit form of 72, we order the Lorentz
index y = (+,3,0,—) and define o “charge” for each index: c(+) = +1,¢(—) = -1,
c(3):=c(0)=0. Then R* , is “charge” conservative c{u)+ c(v) = c(x) +c(A) = m,
and breaks into the block diagonal form according to the total “charge” m.

R(q)=5" 05" & 5 o 5P @ 5¥ (3.7a)

where ${™ is a d x d matrix with total “charge” m. The following standard order
for the indeces pair (g, v) or (s, ) is adopted throughout this paper:

(#,v)=(++) for m=2,

(#,v) =(+3,+0,3+,04) for m=1,

(u,v) = (+—,33,30,03,00,—+) for m=0, (3.7)
(]l, I/) = (3’"10_1 -3, _0) nfO‘I‘ m= i,

(mv)=(==) for m=3.

Then the singlet eigenvector(with total “charge” zero)

#q)w = (-¢7,-1,0,0,1,-)[2]7*/7, (38)
is proportional to the Lorentz metric g(q)y,. And the sextet eigenvectors are
chosen as

T (Qw = (g7 ¢ 0, —9)I2] 7,
(P = (—07 —0, 0,72 ;
Q= (1,4~ ¢7",¢7 ~¢,0,-1))[2]",
B (Qw = (Lg—a¢7", —0,¢7,0, -2
(@ = (—¢™" ~q, 0,472,
() = (=007 g, =2

Then by changing the bispinor index (a, 8) into 4-vector index u and defining

(3.9)

L* = #(q)apL®® ' (3.10)

we obtain
LALY — q 'R G LI = fo L7
q A % (3.11)
= (2] (@)™ + w-(q)™] L' + [2]Y*(g = ¢~ u(@)* L°
where ur,(g)* and v(g)*” are the left acting eigenvectors of ™ (6] satisfying
A (Quttts(q) = 8T8
HQuyg)” =1,
"™ (g)uwv(9)" = B(g)wurs(9)” =0 (3.12)

10
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and so on. Then Eq(3.11) can be rewritten in the form
()W LA L*(1 + ¢7%) = [2]/2L"
@ (Qu LrL(1+¢7%) = [2]V2L!, (3.13)
(@ LL* (1~ ™) = [2"/*(q — ¢™")L° .
Or more explicitly
(L% L™} =0,
q(L? = L)L+ — "' L+(L? — L°) = q[2]/L*
aL™(L* = L) - ¢H(I® — L)L~ = q[2L"
L*L™ - L"L* 4 (g - ¢ )LY(L® - L°) = o[2]'*L?,
—q7'LYL™ ~ L3L® + L°L° — gL~ L* = ¢*[2]*/?L° . (3.14)
This set. of relations are obviously equivalent to those given in [8] from the4 D,
differentinl caleulus on quantum group SU,(2) itself [8]. So the operators L*

defined in (3.1) and (3.10) are indeed the derivative realization of the SL,(2,C)
gruerntors on the spinor space.

In the limit ¢ — 1, it is easily seen that
L+~u182a L‘Nugalv
L2 ~ (u'd) — *u?0y)/V2, L° ~ (u!d; +u3,)/VE . (3.15)

This menns that L™ are the generators of SL(2,C) and L? an operator related to
the C‘asimir operator L2.

IV. Generators on Conjugate Space

On the conjugate spinor space, corresponding right-acting generators can be de-
fined in a similar way. Consider

Ljs = s = (L), (4.1)
then we see

- - 15 - " élél,‘lsl
LSﬁLé& -q 'Lg..-,;E,;.&.'R'(q) ';’»‘73 (4 2)
= Ly R(9)85 R ()7 4 0 (@) R ()™ 33 — €235 L

11
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where ﬁ‘(q)&"é;g:ﬁ; is the matrix transpose of R(gq Y
R'(q) = ¢ Rz RizRasfia
. In deriving (4.2) use has been made of the relations
Gyl = q'lfz:'ébéﬁéﬁ.-, , 5[;5& = q-‘iﬁ“dﬁg&; y (4.3a)
30, = —e(q)4s + qu'l(q)é""'éﬁ&:ﬁé, . (4.3b)
Therefore by introducing
L, = (L*) = d;u:"(q)2p (4:4)
we have relations similar to those in (3.14)
[Zl)v Em} =0 )
q(Ls — Lo)Ly — g7 Ly(Ls — Lo) = ¢ [2]'*Ly
¢ L(Ls = Lo) - q7(Ls — Lo)L- = q [2]'°L-, .
L Ly—LiL_+(q—q )Es(Ls — Lo) = ¢ [2]"/Ls,
—-qE+E_ - ng:g + EDZO - q“ E_E+ = q2 {2]1/220 .

Now by making use of the relations between one undotted object with dotted one

(4.5)

u®tiy = agu’ ¢ R7(g)pa

ity = 130° BY(g)Pps, uo8s =05’ RN gV

0, = 80" ¢ B0 %s , N
we see immediately that
w8415 = u8;0% q R"(q)é'aﬁ,éﬁ& '
= }u"'};’{"(q)s“a.él q R”'(q)ﬁ"ap,gﬁ;,ra'sR'l(q)d'gtsa (4.7)

= &R (g pasu g R ()" e g R™1(0)7P s R™(a) s -

This gives

Lnﬁza.é — EJ,ﬁLq.‘ﬁ-l(q)%.afs‘dﬁ' =0 (48)

12
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which means that L° is R commuting with L;,. Here R"";"'f & 18 the R matrix
given in Eq(2.32¢), which can be transferred to the vector index form as in (2.33)

R# ., = R%% @ R, @ R @ R™y, (4.9)
with ﬁ“"m =1, ﬁ"‘“m = 6"‘,, R°"m = §", and R™; being an SO3(3) R matrix.

) o1 (1-g8 —g7'0 ¢°* 01
(R"‘"m=q’@(1 0)@ - 10 ‘9(1 O)Qq’ (4.10)

g 0 0
where § stands for q* — g~%. This leads to
(L% Lo} = [L", Lo) = (L%, L) = O (4.11a)
and
LDy = L.L*R™y . (4.11b)

The Tatter relation can be written out more explicitly as follows
L+f1+ = 92E+L+ s

LtLs = L4Lt,

L*L_=gq¢?L_L*,

Ly =L, L%,

[PLy =60, L* + L,L?, (4.12)
[PL. =—q 0L, L* + L_L*, '

L Ly =q'L L,

L-E;j = —q"GE.,,Ls +E3L“ N

L L.=Q—-q¢®L Lt +0L: L2 +¢q L L.
The relations (3.6), (4.2) and (4.11), or equivalently (3.14), (4.5), (4.11a) and
(4.12) complete our cross commutation relations for quantum Lorentz algebra.
Among total eight generators (L#, L,), two of them, L® and Ly , are centers which
must be added to complete the algebra.

It the limit ¢ — 1, two of these relations bocome the definiton of L° and Ly

which are decoupling from the other six generators and these six generators fall

into two commuting sets of angular momentum operators. This is just the case
for classical Lorentz algebra.
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V. The Action of Generators

Now we are in the position to give the explicit results when the generators are
acting upon the spinors and 4-vectors. The cross commutation relations glven in
Section II are enough to give all the following results.

The action of generators on the basic spinor u” gives

(w8 = u(q)?" + q"3Rﬁ’Tlg,R“"sa,u"(u"'up') . (5.1)

This yields
LOw" = —q7M2] V2 4 "% L0 (5.2a)
L™ = T (lagu”elq)" + g R L (5.26)

where R(q)™™,; is the R matrix between spin 1 and spin 1/2 . If we set

R(g)™; = B, 15 1
then
q
77w
™ 0 1
R(a)™s = . (5:3)
0 ¢!
q

where w = (¢~' — q)g~?*[2]"/?, and the indeces pair (m,v) or (I,6) is ordered
(+,1), (+,2), (3,1), (3,2), (=, 1) and (—, 2). Then (5.2b) can be written out more
explicitly
LYu! = q—lulL-{»‘ ‘
L"'u’ — q—l/‘?ul . (q — q"l)q‘5/2[21'1/2u1L3 + q'3u2L+,
Ll = g2 V2! 4 g2 L3,
) ! (5.2¢)
L2 = —q 222 + (g — ¢~V 52(2) V2l L™ + ¢~ L3,
L-u! = ¢V 2 4 ¢~ %' L, 4
L~u? = q'ulL~ .

14



The similar results can be obtained when the generators are acting upon the
conjugate spinor #;. Indeed we have

)iy = q BY(g)* iy RYP,. 55(u'07') . (5.4)

This gives
L% =6y L° (5.5a)
L™y = R (q)™ L' (5.5b)

Here f?“‘(q)"‘*i, is the inverse of the R matrix appearing in (5.2b). And (5.5b)
heroines

Laj = 7% L% + (¢ - ¢ (25 12,
Lta; =quasLt,

Lay =g '8 L% - (g — ¢ )¢ /*{2] 255 L,

5.5¢
Lafii = ﬁiLs, ( )
L-4;=q &L,
L iy =q gL~ .

Then when we consider the coordinates 4-vector as product of a basic spinor
" with n conjugate spinor t; transformed in the same way as i;:

X =0,752" ~ vy . (5.8)
We can easily obtain that ‘
(u™d")(w";)
= oy " Nt F I e "lj (5'7)
= uwie(q)’ + q"Rﬁ".,,‘,,Rmsa,u"lT;gu“ " RN (q)* gy R (9) P g

It follows that
LPz¥ = Cw;_,zu + q-2Ruv m\an.\ ,

C*, = (g)one() (q)rst(a)s” - (5.8)
Both C** and R™ , are reducible in the way such that

R, =RGORTORL ORY
cr, =C%hac™ecC™aCc @ C™ (5.9)

15

with
COVO o Cma - _q—l[zlwlﬁé‘va ,

Cm3 = —q[2] " 2g(g")™ , (5.10)
2 : )
ey = Biru (g™,
where g(q?)™ and u,(g?)™" are respectively the singlet and triplet eigenvectors
[7] of the R™",,. Then Eq(5.8) is equivalent to

LOg0 = __q-!{zl-lﬁxo + q-szLO ,

LMz = _q—-l[2]~—l/2$m + q-ﬁzOLm ,

LOz" = —g 2}~ "/2%z" + g7z L, (5:11)
Lra® = —q [ 2g(q?)™a® + Bl u (@)™ + g P Rmmyak Lt
The reality of the 4-vector z# can be expressed as
(%) =2, (™) =2"gam(d") - (5.12)
And similarly we define
L= Eo=(L%, Ln=Lgun(g") = (L") . (5.13)
Then the action of the generators I* on z¥ now becomes
2900 = —q~1[2]"" /%20 + ¢~2L%2°
2"L0 = —q T[22 + g2 L0"
(5.14)

zol‘;m — __q~1[2}—-l/2$m + q—ZI;mIO ,

L™ = —q~1[2]"V?g(g?)"™ + M%%l’_zu’(qZ)umzs + q'zﬁ."",'kfz'zk )

Relations (5.11) and (5.14) complete the action of whole set of generators on 4-

vectors.
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To the limit ¢ — 1, (5.11) and (5.13) reduce to

(L*,2+] =0, (L*z*] =0,

R e LA A P

[L*,27]) = 5 -2, [B*,27] = (e +29),

(%, 2%] = Jgat, [2%27) = J=t,

22,2 = ~ =", (7,27 = 5", (5.15)
=g, B =g

[L7,zt] = "71{(’:3 +29%), [E_’x+} = "715(33 - $0),

[L_»z3] = %z_a
L=, z7] =0,
(L™, 29 = —z™/ V52,

[f’"zsl = ;%x-v
{L-,z7] =0,
[L™, 2% = z™ /2.

[t implics that J™ = 7‘;([:"' +L™) are the rotation generators while K™ = %(f,"‘-

L) the hoost generators.
Mata Added

After (éompleting this manuscript we saw a paper by W.B. Schmidke et al
(7.Fhys. C 52(1991)471) in which the ansatz-consistency method is used to give
the penerators of the quantum Lorentz group acting upon spinors and 4-vectors
similar to those in Section V. We believe that their results will be equivalent to
~urs if they used an ansatz corresponding to the 4 D, differential calculus rather
thar the 3 D calculus they adopted. This is also the reason why their results were
lrss compact and less explicitly covariant.
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