
DEPARTAMENTO DE MATEMATICA APLICADA 

Relat6rio T ecnico 

RT-MAP-9701 

THE QUANTIZED UNIVERSAL ENVELOPING 

ALGEBRAS Llq(IMl(N)). Uq(fl(3.1))AND 

Uq(e(N))AND THE REPRESENTATION 

THEORY FOR Uq(e(3)) 

Sebastian Sachse & Ralf Welxler 

Janeiro/1997 

UNIVERSIOAOE OE SAO PAULO 

INSTITUTO DE MATEMATICA E ESTATfSTICA 

SJ.O PAULO - BRASIL 



The Quantized Universal Enveloping Algebras Uq(zi;o(N)), Uq(e(3, 1)) 
and U.,(t'(N)) and the Representation Theory for U4 (c(3)) 

Scl1m;tian Sachse 
UqHtrlttt11c11tu 1lc Alatcmalica Aplicada, lnstilulo de Malcmritica e Estatistica, 

l'11i11crsidadc de Sau P,mlu, Rua do Matau 1010, 811ta11lii, S.P., Brazil 

llalf \Vcixlcr 

Scktio,1 Pliysik der Universitat Miincl1cn 
Lelir.d11l1I Pro/euor We-'-', T/1eresienstroftc 37 

D-80333 Mii11cl1en , Gen11a11y 

.January 22, 1997 

Esk trahalho foi concluido durantc o cstagio de pos-doutorado do primciro autor 
j1111to no Dcpartamcnto clc Matc1mitica Aplicada. 



The Quantized Universal Enveloping Algebras U9(iso(N)), U.,(e(3, I)) 
and U,(e(N)) and the Representation Theory for U,(e(J)) 

Sebastian Sachse t 

Deportamento de Matematica Aplicada, Instituto de Matematica e E,tatutica, 
Univer11idade de Sao Paulo, Rua do Matao 1010, Bulanta, S.P., IJrazil 

Ralf Weixler 

Sektion Phy,ik der Univer,ital Munchen 
Lehr11tuhl Pro/uaor Wu,, ThereaienalraPe 31 

D-80333 Munchen , Gennany 

January 22, 1997 

Abstract 

We construct the Hopf algebras of U.,(iao(N))and U,(e(3, 1)) as regular func­
tionals on their function algebras, examine the possible •-involutions on these 
objects, derive the quantized euclidean algebraa U,(e(N)) and finally give tJie 
irreducible representations of U.,(e(3)) depending o.: two parametcra which fix 
the value of the Casimir operators. 
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1 Introduction 

l11 the framework of quantum groups (for conventions used in this article see (11) 
there have been several suggestions for a generalization of euclidean symmetry in 
N dimensions (2, 3) and the Poiucare algebra (4]. For all the deformations with a 
real deformation parameter two main obstacles persist. The first one consists in 
a scalar operator which invokes dilatations and seems to be indispensable at least 
for the representation theory (5). The second problem lies in the doubling of space 
din,'Cliuns as soon as a star structure of the Hopf algebra is considered. (For an 
u11imud11lar parameter the situation seems not to to be any better since even for the 
homogcu('()us parts 110 Hilbert space representation could be found [6].) 

Both bugs arc conuccted to the coproduct structure and could be neglected on a 
purely algebraic level. However this would not allow to consider other than single 
particle syskms. Hence there has been devoted some work of curing the difficulties by 
motlifying the •-Hopf algebra structure. This work has jlllit been started (5, 3, 2),but 
is not yet completely convincing. 
We as well have only to suggest our personal point of view which might give an idea 
how to proceed towards a solution. 
In the second part we summarize the Hopf algebra structure of the function alge­
bras A1 of q-euclidean groups ISO,(N). Then we construct the universal enveloping 
algebras U,(iso(N)) dual to A1 as its regular functionals. NoLice that only with 
additional conditions, we have the identity A1" = A1 (' designates the dual object). 
This can be oblaincd by taking the Pontryagin dual of a C*-algebra (see as exam­
ple (71). Therefore Hilbert space representations of /S09 (3) have been given in (8]. 
However we do uot proceed here in this direction but rather perform the dualisation 
on a purely algebraic level by considering left invariant operators on the function 
algebra. This corresponds to the well known fact that left invariant vector fields on 
a Lie group generate its Lie algebra. 
In part three we discuss the Ca:!ilnir clements of the universal enveloping algebras. 
In the last section we give the irreducible Hilbert space represcntaLions of U9 (e(3)). 
As we arc dealing with a noncompact algebra we necessarily obtain faithful) repre­
sentations which are infinite dimensional. Like in conventional space-time, particles 
existing in such deformed structures should be attached to such representations. In 
this respect these representations have some significance for the behaviour of quan­
tum systems in q-dcformed euclidean space (see for iustance (91). 

2 The *-Hopf Algebra Structure of Inhomogeneous Quan-
tum Groups 

2.1 Function Algebras 

To construct U9(iso(N)) and the q-Poincare algebra we start with the function alge­
bras S09 (N) and S09 (3, 1). The noncommutative algebra structure is controlled by 
an A- matrix fulfilling the Quantum Yang-Baxter equation R12R23R12 = R.23R12R.23, 
We refer to R- matriccs for U1e Series Bn and Cn in U,eir standard form given in (1) 
or for SO,(N) in (10). They are defined by their projector decomposition mak­
ing USC of the antisymmetrizer At &:I, the symmetrizcr s:,; lcl and the trace projector 
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r.;a:, ex CiiCt, with the metric C;;. 

flii,,, = qS'/a:, - q-1 A111 + qt-Nt;jll (1) 

The algebra relations for the generators Mi; of the unital 0:-algebra A are expressed 
by the invariance of these projectors: 

(2) 

and 
(3) 

In order to obtain inhomogeneous quantum groups /SO,(N) the set of gcw:rators 
has to be enla.rged not only by Uie coordinate functions Xi obeying the rdations 
x;x; A11i1 but by an invertible scaling operator w as well. Its cxiskncc is rC<111ircd by 
consistency of the comultiplication. The additional algebra relations of the exlc1Klcd 
Hopf algebra A1 are [11, 12]: 

(i) x;Mi,: = Mi1xmR1m;1: 

(ii) WW= 1 
(iii) wM;; = M;;w 

(iv) 

(v) 

(ui) 

w.AI;; = ,\1;1111 

wx; = qx;,u 
I 

wx; = -x,,v. 
q 

(4) 

The comultiplication t- : .A1 ➔ .A1 ® .A1, counit e : .A1 ➔ a and the antipode 
11:: A' ➔ .A1 are very easily given in matrix notation. 
WiLh 

we get 

and 

with the unity matrix E. 
The antipode is given as: 

-(M') = ( 11:(M)ui _ 0 ) 
~ -:u(M)w 1 . 

2.2 Universal Enveloping Algebras 

(5) 

(6) 

(7) 

(8) 

The connection to the enveloping algebra is Leiug made by dualising A 1• W•• want 
to summarize the results from [2) which are analogous to those of (13]. 
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The Algebra of generators {L±ij,Pi, h}, 1 ~ i,j ~ N, is the Hopf algebra oflincar 
functionals of the corresponding inhomogeneous quantum group with comultiplica­
tion ll, counit E and antipode S. The algebraic relations are: 

(1.) 1">±ij . . L±l L±i' - L±i. L±i. R.±i'J' 
1. t'J' n m - J' •' mn, 

(1·1·) R. ±ij · · L+l L-i' - L_; · L+i · n· ±i';' 
111' n m - J' 1' mn, 

(iii) L±ijl = il,'fkilmPmL±1j, 
(9) 

The coprndud is: 

llL±i" = L±i;®L±i,., llh=h®h 

llpi = L-ii 0 pJ + pi 0 h. (10) 

Counit E and anitpode S follow from the axioms of a Hopf algebra 1{.. For each aE1'. 

(E 0 id)lla = (id 0 E)lla = a 

leads to: 

Tlie antipode is determined by: 

V(S 0 id)lla = V(id ® S)lla = JjE(a), 

where V designates tlie algebra multiplication, to be: 

The dualisation for the functions on the group can be checked to be: 

L±ij ( M",) = il,±ilclj, pi(M"1) = 0, /1(Mij) = .s;, 
for the 'coordinates' may Le chosen 

±i. i . 
L j(zm) = 0, p (z;) = 6-J, h(z;) = 0, 

and fur the scalar generator it is: 

±i . i 
L ;(w) = 6,;, p (w) = O, h(w) = q, 

obeying relations like for instance: 

/,pi(xra) = 
= ,r1pi/i(zn) = 

/i(l)pi(xn) + h(xm)Pi(wMmn) 

q-l(pi(l)h(x11 } + pi(zm)h(w)h(Mmn)). 
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We designate these Hopf algebras with U,(A1 ) with A1t{ISO(N),ISO(J, l)}. The 
necessity of the scalar generator h in the coproduct of the momenta 7i is due to 
relalion (9)(iv) which together with hP' = q0 pih gives 

o(p'i')A1.,, = (L-'m ®pm)(L-"n ®pn)A1.,, 
+ (cL-'m ®pm)(p" ®I,)+ (p1 ®h)(L-" n ®p")) A~kl (19) 

+ (p1 ® h)(p" ® h)At kl· 

The last term is vanishing by (9)(iv) the first by an L±i;-invarianz of Lbc project.ors. 
The first part of the remaining expression together with (9}(iii) pruvi<les 

and hence a = -1. 

(pr® h)(L -"' m ® pm).At .,,il."'1•,•q-0 
= -(p' ®h)(L-"m@ pm)q-a-1 A1tl, (20) 

For the rest of this section let us consider compact quantum groups A only. Follow­
ing the arguemcnts of (16, 15, 17] we define a vector operator of Lhc contragradient 
corepresentation to he a set of n operators, n being the dimension of a corqiresenta­
tion ui;> of A, which is carrying a lefi regular right coaction given by -ro(K@id)o6A. 
Let u = Ea uij be the direct sum of irreducible matrix representations of A in the 
sense defined by (14], then: 

Ad.(p•) = u•{p")u = p1 ® 11:(uA:t) 

and together wiU1 (15) we obtain the left A'-module structure 

L:t:i;(p") = L±i;(11:(M"1))p1 = ft"Fki;mPm· 

This envokcs the mixed commutation relation 

(21) 

(22) 

(23) 

Vector operators of the fwtdamental coreprescntation form oomo<lul algebras by ei­
ther q-symmctric or q-antisymmctric commutation rela1ioW1. For U1is reason the 
algebraic relations (9) (iii) and (iv) are compatible. This can be seen from 

L*\(p"p')A;"',. = p"p'il,=r-l'i ;'l,;,jfffi' ;1A;mr1t 
-- 11"11'A"•'m' n· =r-mi n· 'fni' . , - D 

' IA, i'm' Jn - • (24) 

The "pulling through" of the projector follows i( decomposing it into il-matrix, 
singlet-project.or 'i;;tl and ident.ity and the relations of the BWM-algebra (60). This 
may be expressed in the suggesLive graphical form: 
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n ni 

= (25) 

p p 

We have attached the symbol ,r to the objects when we want to indicate transposition 
of the upptir and of lhc lower indices. Without this notation a graphical calculation 
in A' is a.kward. The same rules of graphical calculations given in the appendix for 
untransposed matrices arc valid for the "transposed" objects as well. Therefore we 
will omit the symbol ,r . 

Remarks: 

• The generators l of U9 (i.,o(N)) are shown to be left invariant on the corre­
sponding function algebra A1 by the action D,: A1 ➔ A1: 

J 

D1fa) = (id @l)4>(a), 

siui:c it obeys: 

(id® D,)~(a) = ~D,(a), VIE U9 (i.,o(N)). 

• It i:; important to notice that for lhc algebraic part of inhomogeneoua enveloping 
algebras the scalar operator can be omitted. It becomes indispensable as soon 
as we want to turn U9(A 1 ) into a Hopf algebra. 

2.3 Complex Conjugation 

There arc several options in defining a •-structure on a Hopfalgebra. The most 
convenient form is an antilinear, antimultiplicative involution which is in addition a 
coalgebra homomorphism (11, 12J. 
For the function algebras of euclidean type it is given as follows: 

(26) 

The coordinate functions can't be ch!lllcn to be real. The·•-operalion on the function 
algebra A induces naturally a complex structure on its dual space A' which is formed 
by the clements of the universal envdop via: 

for at: A, .rt: A•. (27) 
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(In (14, 18) there has been used ,c instc:ul of ,c-l which are complctctly i:mn1orphic.) 
Thus we obtain: 

(28) 
Then from the coprodud of pi it becomes evident, that as well for the moment.a no 
reality condition is possible in a natural way. We have to admit conjugatccl momenta 

with coproduct, counit and antipode 

Ap; = S(L+ii) 0 ii,+ P; ® h, 

E(v;) = 0 and S(iJ;)=-L+iiPif,-1• 

The scalar generator tums out to be bcrmitic: 

h•(w) = h(w) = q. 

The commutation relations with the second set of momenta arc: 

(i) L±ijJJn = PmL±";fffim nA: 

(ii) P;P,A1mn = 0. 

Now the pairing is completed hy: 

(iii) l&p; = qji;J1 
i - '·;1,: (iv) p P; = 'l7l1,:P R jl• 

(29) 

(30) 

(31) 

(32) 

All oLher pairing brackets vanish. Together with the •-operation we obtain llic •· 
Hopf algebras u;(A1 ). We have mentioned ti~ they can not be considered Lo be 
good deformations of classical euclidean Lie algebras. If however we arc interested 
in the representation theory of single particles we arc free to take into nccount only a 
aubalgcbra without coproduci which we will ca.II U,(e(N)) or U9(e(3, 1)) respccth·ely. 
Thill subalgebra shall be generated by Uic set {L±i;,Pi} and allows to impose the 
reality condition 

(34) 
The scalar operator did show up on the coproduct level only and can be omitted here 
as well. 

2.4 Comment on an Unitary Scalar Operator 
It is equally possible to fitMI u;(A1 )s in which the scalar operator I, ia unitary. Then 
the scalar operator of tlac corresponding function algebra has to be cl1011en hcrmit.ic. 
All relatiom in that case are the same as above except for the coproduct (30) aud 
relations (32) (iii) and (iv): 

Aii; 

(iii)hp; 
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Tim new aspect for this setting is U1at in case of u;(/S09(3, l)} i_t _is possible io 

impose (J4) on lhc representations of light cone momenta (i.e. C;iP'P' = 0) since: 

im -1•ni i'n' ql-N_l 1/ci 
pp Cn,.. = q R n'i'P p C;n - QN C1r.1P p on. (36} 

In spite of the problems descril,cd above it should l,c possible to find representatio11S 

for masslells particles (even £or systems 0£ more then one massless particles} in which 

momenta have real expectation values. 

3 Casimir Operators 

We liucl two Casimir operators for U9(e(N}} and U9(e(3, l}) and one for the •-Hopf 

algd,ras u;(A 1). For the firllt group they arc: 

= Cijpipi, 

= r, C L-" L+m cii n I q £2 2 
'-'lk um i j P P - (2)

9 
P , {37) 

with q-numbers: 
qn _ q-n 

(n]q = q - q-1 ' 

and L2 «lcsignatcs the Casimir or the corresponding homogeneous subalgebra. For 

p2 this follows directly from the Cflmmutation relations (9) wbcreaa for the second 

Casimir we find for its commuting with the momenta the diagram (4): 

= 

A 
PP 

(0\ q - q ., ( I. (\ l 

= L L p I' + -- q N-I L L p p . q 
V l+/-N V 

and witl1 
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(39) 

('A 
; ; 

/\ I.;\ ; ( 
1
+ A !\ L) ; + -

p LL= Lp L-= L C p + ( q - q·' ) \!'j +\!'j V V _ V 
i 

(\~ ~\ f /:\ 
Lp = L C p = q 1-N [ L + p 
V V V (40) 

; ,.2 t I+/\ /\ 
l l- = llp = qN•I L+L- p v V V 

These diagrams are Ll'&Dlllated int.o: 

and 

• [p•,L2) = (q-q-1) (qN-1C,1:L-•;L+"';Ciii-q1-Nc,,.L+•;L-";C;;P1). (42) 

They are called the q-length or -mass operators and the 'q-Pauli Lubanski' operator. 

Foe u;(A1) the Casimir operator bas the form: 

(43) 

A deformed 'q-Pauli Lubanski' operator is still missing in this ca.,e. 

4 The Irreducible Representations of U9(e(3)) 

As discussed previously the N-dimensional momentum space p; provides a modul 

algebra of each corresponding U,(e(N)). It forms a vector operator for the universal 

cuvcJopiug algebra and ita matrix clements arc given (by the q-vcniion of Wigner 
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Ekkard theorem) as the product of reduced matrix clements (l'IPll), where r = l±l,l 

[ 
1 l l' ] 

and deformed Clebsch Gordan Coefficient.II . + . . 
1 m m 1 

' Tho reduced matrix elements depend on the minimal angular momentum occurring 

in the representation which as usual can be interpreted as the particle's spin and the 

value of p2• 

The algebraic relations for U9(e(N)) in explicit form are withs+= L+ 12,s- = 

L-3
2,K = L+\ for the homogeneous part: 

q½s-s+ = (q-q-1)(t-K2) 

= q-1Ks+. s- K = qKs-. 

The classical amngular momenta are obtained in the limit 

L±= lim ./I2J s±, K=q- 8 , 
t-+I q - q-l 

The mixed relations are: 

s+P+ = q-•v+s+ 

s+Po = PoS+ - (q - q-l)P+ 

s+p_ qp_S+ + qf (q - q-1)P+ 

s-P+ = q-1p+S- - q-½(q-q-1)Po 

s-Po = pgS- + (q - q-1)P-

s-P- = qp_s-

Kp+ = q-1p+K, Kpg = PoK, Kp_ = p_K, 

and for the covariant momenta: 

P+P- = P-P+ + (qi - q-i)pg2 

P+Po = q-
1
PoP- , P-Po = 'lPOP-

(44) 

{45) 

(46) 

The metric C;; which enters the reality condition (34) is in the basis CP+,Po,P-): 

C,; - LH ·n- (47) 

The subalgebra of angular momenta bas for each (half) integer positive value l the 
(21 + 1)-dimcmiional represcnLation on 'H.': 

-1 

s±11, m) = q J[2I q-.!!!fi ✓11 ± m][l ± m + l)ll, m ± l) (48) 

Kil, m) = q-"'ll, m) 

The noncompact generators have to be represented on the direct sums E~ro 11.1• The 

matrix elements in the orthonormal basis are: 



• 
(l + 1, m + llP+ll, m) = -p,m q "'-J-• / (t + m + l)[l + m + 2) 

(l,m + llJJ+ll,m) = P,., qi / (t - m)[l + m + 1) 

(l -1,m + llP+ll,m} = P1.1-1 q~ / [t -m)[l - m -1) 

{l + 1, mlPoll, m) = P1,1♦ 1 q'r /fi)/ (t - m + l)[l + m + 1) 

(l, mlPoll, m) = :•½ /fi)-1 
([2Jqm _ ( qi+I + q-1-l)) (49) 

(l - I, mlPoll, m) = P,.,_,q't /fi)J[l -ml[l + m) 

(l + 1,m - llP-ll, m) = -P,,1+1 q!±!J±-1 / [l - m + l)[l + m - 2) 

(l,m - llP-ll,m) = p,.,q't J [t + m](l - m + 1) 

(l-1,m - llP-ll,m) = -p,,,_, q~ / [l + m)[l + m - 1) 

Here we have omitted each Jg-number index so that one should identify: [nJ = [n],1q 
The reduced matrix elements are: 

C 
(50) P,., = (l),[l + 1 ), ' 

P1,1-1 = ( 2 02) 1 
Co - (l)~ [2l)2 - 1 . (51) 

The value of p2 is related to Co2 by p2 = [2) Ci and C to the minimal angular 
momentum by C2 = (lo)~Co2• 
The dependence on the Clebsch Gordan roefficients is calculated from inserting the 
well known action or the compact gencratoni 6n1t into s+p+ = q- 1p+S+ and then 
into s-P+ = q-'P+s- - q-l(q - q-1}Po, 

Next one computes the reduced matrix elements like in the classical case from 
the relation P+Po = q- 1PoP+· For the transition l-+ l + 1 we obtain: 

---1!!.:!.._ _ { ([l + 2)9 - [l + l),)q-4-1 - q1¥} 
P1+1.1+1 - { (ll + 11, - [l),}q-l --: qi} I 

(52} 

and this implies (50) whereas the transition l -+ l yields: 

[2] ((2l + 3IP~1+1 - (21- l)p~.1-1) - p~., ( ,l+l + q-CHI>) = 0. (53) 

We put ~(l) =: P?m(21 + 31(21 + 1) such that: 

2 [l + t), 
t/>(l) - t/>(l - 1) = C [l)~[l + 1J: (54) 

This verifies (51). In order to inhibit negative values for l, the couswit Co has to be 
put equal to ifTI, which shows tha1 lo is the smallest occurring angular momentum 
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in a representation and can be identified with the spin of the represented object. At 
last we check the dependence of p2 on Co. 

(55) 

with 

(56) 

A few steps later we obLain: 

p2 = 121cr 
The in the classical limit unusual factor 2 which is showing up in these results ui due 
to the differing normalization for the operators of the commutator (L +, L-J = H. 

Acknowledgements 
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A graphical Calculus 

An important properly of the R-matrices is that they leave the metric Ci; invariant. 
This is mediated by the equations: 

c, .. RHi il,±mj 
•1 rm al = CuiJf 

c, .. n,±jlc n.±im ,, ma Ir = CraiJf (57) 
dj n,Hr imn,±ma jl = cr•iJt 
d; a±•" m;fl.±rmli = cr•iJf. 

These equations have simple graphical representations. With 

= 

; J 

X 
le I 

;, I} = 
Al 

; j 

X 
le I 

(58) 

! i cii = '-./ t\ 
le I 

(59) 
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the equat.iona (57) are put into the form: 

k~/ 
I/"'-. 
r s I 

k 

= n \ = 
r I I 

k' 

19, 
r I I 

,ex· = /n 
I r I I r s 

= C'~k 
,1/, \ 
I r 

1 

·ex· =\ \j 
I I 

(60) 

= 

r • k 

\o , 

r • k 

= u / = 

I k rxS 

References 

(1) L.D. Faddeev, N.Yu. Reshetikhin and L.A. Talthtajan, Algebna and Anal11m 1, 
178 (1987). 

(2) S. Majid, "Croa Products by Braided Groups aud Bosonizalion", J.Algebna 
163, 165 (1994). 

(3) G. Fiore, "The 9:"Euclidean algebra u.(e.) and the corresponding q-Eucli.deau 
Lattice" ,lnt.J.Mod.Phya. All, 863 (1996). 

(4) 0. Ogievetsky, W.B. Schmidke, J. Weaa, B. Zumino, •q-Dcforwcd Poincare Al­
gebra", Commun. Malh. Ph111. 150, 495 (1992) 

(5) B. Drabant, •Braided Bosonization and lnhomogeneoua Quantum Groups", Re­
port 94-28, Preprint (1994). 

[6) K. Schmiidgen, " Integrable Operator Representations of R!, x,.-, and 
S£9(2,R)", Commun. Math. Ph111. 159,217 (1994) 

(7) S.L. Woronowicz, "Quantum E(2) group and its Pontryagin dual", Lett. Math. 
Ph111 23,251 (1991) 

13 



(8) S. Sachse and W. Weixler: "1S09 (3) and 1S09(2, l)", 
J. Math. Pl,ya. 37, 499 (1996) 

(9) W. Weich, "S09(3)-Symmetric Quantum Mechanics", Preprint LMU-TPW 94-
7, (1994). 

[10) U. Carow-Watamura, M. Schlieker, M. Scholl, S. Watamura, "A Quantum 
Lorentz Group" ,J. Mod. Phya. A 6, 3081 (1991) 

(11) M. Schlieker, W. Weich, R. Webtler, "lnhomogcneollll Quantum Groups." , 
Z. Phya. C 53, 79 (1992). 

[12) n.o. Wcixlcr, "lnhomogcnc Quantcngruppeu", Thesis, Shaker, Aachen (1994). 

[13) M. Schliekcr, W. Weich, R. Weixler, "Inhomogeneous Quantum Groups and their 
Quanlize,I Universal Enveloping Algebras", Lett. Matli. Pliy11. 27,217 (1993) 

(14) S.L. Woronowicz, "Compact Matrix Pscudogroups" ,Commun. Math. Phys. 111 
613 (1987) 

(15) A.U. Klimyk, "The Wigner-F.ckart Theorem for Tensor Operators of the Quan­
tum Group U9 (n)" ,J. Phy11. A25, 2919 (1992) 

(16) W. Pwiz, "Irreducible Unitary Representations of Quantum Lorentz Group", 
Comm. Mat.h. Ph7/1J. 162, 591 (1993) 

[17) J.F. Cornwell, "Irreducible Tensor Operators in the regular Coaction Formalism 
of Compact Quantum Group Algebras", Preprint, St.-Andrews (1995) 

(18) U. Carow-Watamura, M. Schlieker, S. Watamura, W. Weich "Bicovariant Dif­
ferential Calculus on Quantum Groups SU9(N) and S09(N)", Commun. Math. 
Phya. 142, 605 (1990). 

14 



REIAT6IUOS TEQflCOS DO DEPARTMO:NTO DJ: NATEMATZCA APLICADA 

19516 

RT-MAP-9601 - Pedro Aladar Tonelli & Luiz A.B. San Martin Transitive Actions of Semigroups in Semi-Simple Lia Groups. 
Mar~o de 1996 - sao Paulo - IME-USP - 12 pg. 

RT-MAP-9602 - Sergio Muniz Oliva 
Boundary Delay in Reaction-diffusion Equation•: Existence and Convergence to Equilibrium. 
Abril de 1996 - sao Paulo - IME-USP - 22 pg. 

RT-MAP-9603 - Ivan de Queiroz Barros, Manuel Valentim de Pera Garcia & SOnia Regina Leite Garcia 
A Body Motion with Non-closed trajectory junho de 1996 - sao Paulo - IME-USP - 09 pg. 




