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" that two-paramatera invar:!.ant Qi’ 1inka construoted by Fruyd-
- Yetter, Lickerich-Millet, Ocneanu snd Hoste (FII.MOH) {1 1s
. connecthed with the solution af.- the !ang-Baxter ‘aguation found
by Jimbo. end- Cherednik .3, 6] Pol¥owing this idea Tursey. fod-
.- ahowed: $hat. he. a-maﬁriaea found: by Tiimbo —=[1£ﬂ‘a.::e connectad o
| with the Kauffman invaiient [1] .

This pauer &rguea hat, Bo- eaoh‘ ] ebra:.Uq,((y:
re ¢ ds & aimple Ide: -algebray: e cmmasoeia’ha;;
‘of :lhvar:.a.nts of links. If & Tink oontaina K compone.nta
thén an invariant depending on ana ﬁontinuous pammeter a.nd. .

te parameters oorrespond to & highest weight n.f r.he algebra
e ! ((g-l '_;_.Solntions of: the«vxang-na,xter equat*ons(they areﬁ RS
‘what the link invarients are built. fron)wi;u 6

riuea follow::.xzs #he terminology 0L QESMS 3 Lo s

. ~.In-the beginkhing of section 1 some: intormation o 'bha L

-'algebz-as U (0}) . and en: universal, Rumatrioes cannected
. WAk them- .is given. Naxt tha foilowiug :.mportnnt theorem
18 prnved. ‘

@({?) w:l.fh highest weighta ‘J, )\,
. with. multiplios.ty aqual $0. g-’-
P A :




f5.7'-

i:lven by theorem 146, , :‘)\
%) - he = GGC matriz, KV
_ T - (the .-Lndex & nunbers - V¥
12 the: multip,iaity of “Y¥. i;' Vt\ oV ia srea.tea than -
one) ihen the matrices- R'\“" - RJ‘W' and R lers qqn- '
: nsoted by the followins'.rela‘hion ' il s

i\:_—-ﬂ-

LN o

thai.r ralations. A13. a2 theae relationa ara expne.ssedgraphioally.
" The' 1gat thaaram 1.8 o.t saetion -'1-13 proveu w.tth, tha halp BE

the algabra. U co}} 45 tho opace. (Vi‘? o |

@ - 48 the baa:tc rapresen'bation of U ) (see ssction”
" 1)« Thége: raaults e app;:l.ed for- ealuula’cing tha matrices
‘ "-'R‘kf" through the matrix wa‘
’-matrinea L

wheze '@T'A is'an’ 1rx‘aduoib1e :Lni.f

"modula a.nd w Le. In
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the spaoes W ‘e - arthoganal basig, ana.loguus to tha Young
basis for’ SN 48 built, It is shown how: X0 'alcul;\ he
matrix elementa of . 9. in ®hig, baais. “when CGe o i
_are Xnowis -,-A-,;;-_ ) -snalog of" tha You.ng basls- v .built. out .of
2 T LA g ~analog of the Young prqaaetora). Uﬁin,g the ,a
-expreaaion for the Iou.ng pror;}entera through the.: matriees : .
Eww . 1% 48 shown how the matrioaa R ' are expresaed
through R“Y , . - é
‘The results of neot:i.on,_ -3 are applieei to'the R—matrices j
‘bonnected -with the algebrsa Uﬂg&im} ‘in seotitn 4. This secw
tion has s methodological ‘eha.mcter. ;.-Hest probabl,y an 'expl:t-
A ER dasaription :0f the idea by:whieh the, H ke algabr& ahould'- ‘
‘be tactovized “in -grder to-obbain - ‘"-’ gtﬂi Fre, ol Ak V. il
Other reaulta Lobtained ,:Ln{S, 6}) -6T8 ghven melaly. .for bhe
‘ .purpmae sof- dmwing o fullex: pieture : : i
‘ -Heotion 5’ focuses oh H—matrioas Jponke tedv h t,he Bl
[ gobrean: Uq,(sﬂiﬂmmend U (30(%%’ R-matr'ieas oorreapqnding tn
_tensorial rﬁprasentation or t‘hese algehras !
matfioes Ry ; '

C"'iso(#umi
'rautor of

| reapond:lng to the »medainga ;,o(}!,mn:gﬂtm somm: gzmm_ given.. -

The second half of aeotion 5 deala witgh gpinqrial-;’reprasehta- P

tiqnn oz (sc(ﬁnm}end
: $

Seation 6 is ooneemed. with:the ':‘""olutions'o! Iang-—.Bazter T
equation connected with. U‘}(SP(ZM). All of 1:h.a resnlts az'e qu:i.-
T gimilar to tensorial TeDpE 8 ;
-u (sO(me ang U (somn]
¥y matrix Rw"'}
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in seotion 2, ba%.gd on the results o.f neotions 1-3.‘ hluék

‘ ‘sactiona to knot theory. It is shown how to build tvith 'bhe
. halp of. the 891 43 § 0L !ang—aaxt' qu tion aatjiaf;,ring

-tera of theae repreaentations. This result is & nat'ural ge- S
nera.lization of Jonaa oonstmgtion [u}. Naxt Vit 13 ahown“ o

. diagram of ‘the link. &% $hé “end’ of- tha section n. donbide -
- a1 rule, wich helps to peduoe the calonlatd.en of mvariema ‘
e built on the. ma.trices R, J“' to i-.he calqtzlation of tha besie .

‘I' -defomat:lons of classiqal l-:i.a algabraa. 'J.‘ha baﬁic mva.-. o
r:}.ants 9onnaefsad ur.Lth theae a.lgabras giva :anariant aid the. . .

-'ua £6 Tedude- iha calculat:l", "ot the 'Eauﬂ‘man variens. 0 the.
calzoulatd.on of tha PILMOH imrarimt fm: soma recnnstrueted

. linke AE the end. of the seetion 1t is’ ahom‘how tha calaula- .
“t4on of laverisnts bullt' on opinoriel Rematrives i reducdd .. -
ta the oaloulafion ot Kauffman in?ariantn for reeonstruotad. T
" links, : o
; In Section 10 & Tule by vhch a basio inva.riant oun.nao-'_ .
tad ‘with Uq,(ﬂ-z} can be ca.laulatad by mgang. of Jonea'.s inva-""'-‘;
'z'iant ['14] is. givan., : : U o
Finally, in conclusa:.on aome hypothanea a.re fomulatad. ‘

r-\,' ERET




I tha.nk L.D.Faddeev. 'I.M.Gelfand, V.G.Dr:l.n:ald. A.N.Ki—-

a.'illov. S.V.Kerov, H.A.Samenuv-Tian-Shansky. E.K.Sklyanin.
V.G.’furaav ami 0. .

définition" -af ", ((9] U for any’ simpla Lia'algebra @ was

nnd ralationa.

o where A 4 carta.n matr S

. product ox tha roota (A LA )(rx ] )}
’J L Al T

'“ha gane'-atars }(t ;

‘8¢ when studing som ap' ‘i;'ial olass of integrable systans, whef._

lg:l.van in [4, 5] ﬂna oa.n definerthese nlgabrss ’hy éeﬁara.tars

Hi play 'bha role or Ghevallay ba.ais




- . x-oot of (3, 2w correeponding alement of f :

. 10110!11:15 rormulse:

’ -whara p=
E4,
, tha pasi.tiva reots ot @

q,: . &h _ra'l‘gebra" Ue(&})jis
- re. of (f .
B 1 aimple far g Ne] 1@

. alsebra& U ({ re

in UG 1) e The elemanta H .form - the oommuta.t:!.ve subale.;
gebra : {ﬂ clytg) - e ‘.rhis aubalgebra 45 the. analog of
Carten aubalgehra in: U(ﬁ}) : » Tho elgments. H

to: the a:l.mple rnots ot 6} . Let %= E n,_ i

= Lwh,.

. THEOREM 1.1 [4, 5. 'mm a]sgabra Ugtg) - 18 the-Hopt.
algebra EM] {see .alao .Appondix A) with oomultiplicat:l.on
and w:.th the an't:!.pod.a Y defined on the geners.tors by thc

fH ol 1@ Hﬁ-,

s A(X4,}= xtme“ +e %“b @ X (15)

: . r’lﬁil .—-. ” r’*)( ? = - e%fx; .“, ; doE e

“Tha jaa.rametar_ AR j.a he deformation Vparamet

Fbx» .

ple. Lie. algebres ozltha algabraa U (f;?

and t”,“)(ij are the Hop.f subalsabras :l.n U‘p(‘?}) Cw Thera _
15 8 dua.uty between U‘}(@-.. - anid u¢<€_ o Let { esj ie .
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]
’bhe basis in B (G.) af € } b the dusl bagls .*.ml;};cg+
It 45 not difi'icult to prove thav the map- &0 A
4 (cy = Y, cq) @ Uq,(‘?ﬂ e whexd “§% . dm- t'he

: pemutation a.n i ciq'e U (QJ,; . alge defines the' struotu.re
‘of. -Hopt algabra on Y, (@) with antipode }" ‘x"'f o
_ THEOREM 1.2 [4]. The oomultiplication A ang - c‘oa o
"‘a.ra connectad by 't:he .followa.ng relatian ' AN

§od(a) = RMM.?

‘where ‘ & is :bne pe:mutat:.on oparator in U '
and R = )3155@{3 et?crg,m U‘;mp- SRR
The proof of this theorem -3he ;fullowing one. ia ’eaae&

o the construction of 4. . Hopf algebra Bl _
"T7Y DHEOREM 153, The: alement R aatisties tha relatiens -
(a0 Wy ¥ o= Rss st S o (1.83)'_‘“ “
’ 'tid/’eu-x = 3.33 SR S ey

R"' ‘R*ﬁ By 3 = st '%*3 3:@ f1:80) .

‘-,4 s
(id.: @y) 2 Ji R
._'HP'I‘B ﬂl'z, %g, 3;5 G U (q,
‘-_‘-j{,', = 6,818 ¢° J&,,,_ 1@ &g @e
, ? PBDOP Let Wy o
' cgtion. comulta.pllcation

G Bﬂ) ; -




'ff From (i.?) we hava thé: oommutation relations between the

..._m“ Tp Jqu e,‘@c e@e,. N

smnarzy L e . -
mt@ruxa Jiz mstF ?"’np que. ‘ e@e _
_mhe fellowing formulae prove the relations (1 aa) ahd (1

:SbJ._,‘.‘-". :

gmwb;ﬁ ‘ Acesma -st r) @a*ae
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_ representetions: CIFR) OF 4 ((g) 7::a%e. pavametrized by. the.

“highest weignta ) of tho e.i.gebrg‘(g, o3 () A0y ‘Lrredu;

" ¢ible finite dimensione.l modul, V oA d.eoompoaad into the

sum of the weigh‘b Bpaces Vi= @ V! ﬂ) L a.nﬂ’ the di-
) *9&) nre the 88 ng .88, Iar{IFR of. q, S

‘zeprosentations of (g(g) . it follews thai any ZPX o
‘considerad ad -gome irreducible componant ot corrasponding- o
gsi¢ pepreserntation c,The Adst-of haaic,.\-_; .

tansorial power of _b"
'repreaentatien is given in table Te

" category
' finite . N '{ Lo
‘dimensi- ¢ @), < W, .‘w, Wy

'?‘.’4- Wy ""8_ Wy

-j:ensoria.;t -
© - représent o

For algebras Bu- a.nd ﬁ,,, :i.t 48 natural to separa.ta
from the finite dimentional representations the~ca.tegory _
" of tensorial representatiens (with integers highast weights).
,-In this category the" basic” repreuentatien is; vector:l.al repre-‘ .

sen.ation With how.' (; in both cases. . o

' It is very importent for our »purpoaes {hat: all‘ffinitb e

- Gimengion .1, representa'tions of U‘b“-?'} ere contained i.n

tansoria.n. powers or the ba.s:l.c represen’ca.tn.ona T ’

s xm ot Uq’(q) o

" the mm-r_;x P"J‘"( f‘,‘
© . the Remateix’ in ), M rap
o il!ha.s matrix map V"@ v




‘-10!1.:13 ra].atﬁ.onaa ;
'. _-d: ”aIxI@R"f"’HR I' |

o :_ %6 tand - 4e
- rirst one .‘La th

: m ot U ((5) v Ba"ohuae é:l.l of PR a.ra ' QBHtELAed 1n 'tenao-t‘

" rial powers af basic rapraeentations of. UztG)  omcen conste
©‘rust’the matrices - Rf‘\ “gaom a tenaoria% product. of the R~
. matrias actins :i.n basio repreaentations, E'ha seaead way gives .
..a,lao the "importen ) vices B hi
- we will uge’ th:{s ey 'low.

L'anaider é Gartan a.nti:[mrolut on; g

-.-?'z.,'-_:"; T G{X(, x,‘ ; Q(H )" H

“and au‘bhomorphism J' cmeaponai-ng, ?to' an aut-lidmgj-ph;&aﬁ:g;olf*
Dysin. diﬂ-sl‘am: co e e T

ﬂx ;-x”: ,

We dgfing a;

- q’ —analog

whaz-e -S': is the corresponding olement of the \‘Jey] group oy ,

U(c}:




() The element. J aatisfias the relation

. ud,@d';(x"}_(w mud@mwm@f‘*}

‘ DDFINITION 1.2 12 V% V"@ V""' s the pro;_j‘agtion
matrix K 1,1"’(@ Ay vt\ Vo“'-ﬁ.'_vi' IRt 1q calied the’ matyie
" of Klebach-cordan coeffiofent (KGCJ (herx index a numara the
vco'ponents V in V*@ Vﬂ' 1: the multip '
_ '._imore“;‘than one). o L e

muft IV"} =

e Hez-a v = 01 * 48 e pa.r:l.t "’or V"' 1n V)‘

and T is the tranaposition. ERC TS ’ .
o Follow:f.ng theorems are the keys ones to study tha mat- '
;ricesR-‘"' _ .- SR,

Co THI‘:ORE)& 1

are’ oriogonal ir 3’# ‘V t'.b




AR AT R et s b e e R bl s B

15

‘ o — (w-cuh c(g
'.K””"ca,;kf"f‘up—m g7

iE-'wh.ere T is the parit:r ot V¥ in V @VJ" and m?J s
. the value of. Casimir operater of C} an the irreducibla repw--
_ raaentation with hifghest wa:lght ¥ :

H + Exchm,‘”'

cm Vi z_pv _- o

(123)
_ (1 22) n
) ?ROOP. Prom the darin:a.tion ot uni\reraa.l R—matrix fallowa_'
-“'kh? aquality _ ‘ :

| Rh‘“'AA‘w(m ‘“ ). E‘V’
o miera A Mgy = ff—_,@;’f:A( &) .

A A :t.a ‘redug: a:nd. K M
.dl_mibla »c_omp_'

S 1’; Ry :6,1 .2;_{)-'- . |

124

) ?Frnm (1 23). and (1 24) e ha\re

| RMKM £ tm (aJRA““KAJ‘”T

' :Gonlparing wath' _1.25) we ubtain s T

'where Rg{q,) : 1a some runction oz' s
R we consider the' it ¢
: IS Py
_be the highest weight ve,-..tor in Vv CV ©. V

z\,‘M, "..m £ind
4 Lat” Y2 qs
"o Prom {(1.27)




C Here K

: :Eollows th.e equality

R tqstp (q,a 1,(%‘?;,”(9,} i ‘_ ' " (128} -

' Atq,—+1 we have

= R’V'" P“‘J“(vfuq, uwom;-—ﬂ 3): L e

-1— z: 3 ‘o' s LK @X-a, T G

ﬁe.,

fq,) tﬁ‘"’uﬂ, w"ﬁwt‘g m,'.' ce ) -

R-o(“ﬂ (—‘I} ('f-t- (g 1; sv *ﬂ“?f“ﬂj

4 -matz-ix'!f‘d%' o], 1,.!“ ia the WiV oF g 7,
ff’ entt. Sy some unlknowi vectq_:’vﬁ_h and constal

U Theorem 1 4 impliea' 's;rmmetry relatians xnr i
. --;-cpy i q; L -

(1-33)'

: - Gomparing the uoef.fic:lants a.t (q, 'D in (1.28) we ohtain tha-,'..
- _equa‘aion tor S,} i . '

o f”f""-?i"" P W oo ‘.v o

) Multiplying this equa.lity by (‘Pﬂ A T from the-'.'; t and- uaing',-_'_
| the: s:mmetry relations (1.33) we- obtain the tollowing expres- -
sion i.’oz- s,; . R . . :




Uaing the s:mmetry relatibns (1.33) s.nd tha praperty ur
.'higheat waj.ght \reotors the value of s,, . .one can _exprgas .
tmu.gh the caamm aperatozs A N L S R Y B

| -_' R;;.-x'q;b;hcr‘q;’-);-'_-._- N

R.,(@M-(-!H q, N g—..w"”"' e

Hereower, tho funut:f.on B FA4F has no- poleﬂ -anﬁ ZEFoH Ior :

tinita valued of ¢ "« Prom Lianvi.lle theorerﬁ'*fnllaws hater s

. there is only one funotion E.,; €Qr aatiarzring the 1a.tions o
-'(1.23}, (1.34}-('&.36} ' . e :

vagi = (-ﬂg

mhe equality (1.2&} :ls tha tra,naposi
""mheoram is proved, ' )&

| ;. GONSEQUENCE. When di1 :ereduoi.ble oomponenta :.nV @VJ" P
haye t’wmultiplic:ity aqual to ‘oné’ the’ matrices RAMT and '
{E }" } ha,ve tha tnllowing deoompogitiona: BT

s




Tuese R—ma.trices w:r.n bo ealled R
_spaotrnm. . . . ’ L
St us oonsider the space A @V @ V‘AU 2 and the 5
matrices R A R¥A @1 VIQ Vi@V F— Y"@VTQV
. w“ﬂ'-mw. W@V"@V’”—-«»V"ﬂ VEE VT,
A
,1@1(7‘}"'.\{7@\/'-@\7"”--«-‘] @V (KM')@ 2 K J'”@‘?u_
. VAQV.N-@ VARS AT A ad Ve Vs V“’@ Ve
1\ P and similar netriges B"“ * R,;r'- ',fﬁ:‘ﬂ)ﬁ
(K Jw’% n‘k T R’V‘I-" ) ; ; R
T:IEOREM Ts 6. Ahe; matr:l.ces introduoed above satisfy the '

o : i e
Multiplying this £omula bf the permu'hst:i.on operator .Pi .
.V @‘V'r-—+- Ve V £rom the left and’ us:l.ng the . equality .

p"ﬂx*ﬂ oI :P P,,:.,

Vwe obta:Ln (1 41). The relation (1.40) is ,proved simila.z‘ly-




R R A T e

where t is t’raapoaitinn over the tirst apaoa. r'X ,." iB the @

= _'1'9‘."" L

Croaains-aymmetry or the u.n:l.veraal R-mnta* ioes- .
(had) :meliea orassing—symmetry or the matrions R Jw ﬂnd
K Ju’ g -]

ymmetry relnt:l.ona: o

. :mmm 1.7+ The matricéa R v"’ did- K 1,*”’ sa‘.t-j_.gzy.--thag_‘-‘f">r"i-'

" bighest vmight (h.w.) \raotor nonjusated mh ,\ B

: 'aut omorphiam,

it fa not diffinult e prova ‘the .tirat Btata
‘_.lom.ng theoran, .- -

c 5@ I‘ , % t‘P ,\ (q, f, - (1‘45) '

Usj.ug ‘the explioit i’nmula. ror copruduct 1n

mmom 1.3. (a} "'he ma'mx '

or:tha tol- o

SRS




';’2‘0_ o

Jw G I@ 47 )(R’*" 1 Yy "q, L "(..1:49)‘_-.-{-:_

" Here. [t\l = 0,1” 'i")'g, . - is the matr:l.x $iace mrer the second o
.'apaceinV @V L . s s -

The proof of the saeond. statament of this thaorem ia
B given ‘in the next’ sectian, whe e wa introduoe . graphioal
- :representation for the R-matrice- and .tar KGG.

”.Lder tande.bla. " _ '
L) The metmix” A : ma.pping thie apa.ca VA'@...@ V‘K
- in 'V'""‘@...@ V»MM - :r:epreaented by(ﬂ ﬂ) -e&gad

, Vf fhe edges oorreapon—-
'.dinsly. Thu. stiu;ea nu.'nerai:e the bsses i the apaces V‘A»
"MMV %, }a. 1, dth)‘“-




e

| "_H".V"'@' @vﬂu _.7,:.___11&“ A V"'@ @ V
‘:.‘.:f:"-*-Vv“‘o @Vﬂ“ _the diasram AA

s 111) Thg un‘ 3
-va'z-tical l:I.nﬂ:

va 8

. Lat us reprasent the ?ﬁatricea R C H (R "w) .
K :““ ; c and’ :(;“* by the zollouing aiagrama:




uiFurtherom we gsaume that each liﬁa acquires the aoleur Af;,{f_

. Which definea the atates oh this. line. R
¢ wiiUsing theirules (201)7(2.8) e obtatn &)
-‘rapreaentation of the rozmulae from secth‘
' 4) ikhe welation R AL
' resented by the following graphical equality




- (2.11)

c(ﬂ}—ccAr-cf& } S

2 i

f‘l‘; _ _ 5”} c()ﬂ “Ju')

y y e Geas)

¥4) $he fheorem 1.6 -riﬁ‘rs#reaedtea by the following aquelitiss |




¥ L‘f'«’-ls;__ 5

L ﬂf@a-‘m L

; v:l.:.) croasing-symmetry means that the diasrams rapresenting
o R -M nnd (R"’ﬂ‘) can he rotatad by90°1

. - equ&lities. i

T




e e e P

-xi) tha orthogonality ralations (1.14) have tha tollowing
representation - . s ,

S (&21)

‘relationa between them can  be zepresentaa by flﬂxible linesj
on - the gurface.. Moreover, theae 1ines . san ba glued 1nto B
-graph with three edged. verticaa. Thase grapha san: be deror-,? o
. med’ according to tHe rnles L)exdde. ST
R This repreaentation of the matrxces is vary convenient_3 :




és'

" for manipulatiens wﬂ.th the matrioea R "“ - end we will )

uge it many times. N
" THE PROOF OF. THE THEOREM 1.8. Uaing tha erossing—-aymmat- a

. ry of R—ma.trioes (1¢43) a.nd the rela.tzon

(c ) ¢ =j(-4:"im %

" (1.48) tollows from’ the theorem 1.5, In. the ganeral cesd we

" a,f "£2.2'.8)--

use an induction. procedure. ‘The rals,t:.on {148) tnkes place
“ 42 A is the bas ie. representa‘aion. Let us prow tha‘b % holds ‘

g foranprA@)w

- statement it is auf.ﬂ':l.cien'h to cons:l.de:r & aet of equalitiea .

:Eollowing from (2 4) (2.7)




of Uq‘(ﬂ}) i.n(Vw an ’ where V
tation. ... !
; Let Vi.’.f VM@ @VAN a
GV N ’ whax-a S’e SN is tha pemutation ot ’ahe aet
-7£1,...,N1. ' AT
. DEFINTTION 3,1. An algebra of the"’maps : _
V ? } commutin.g with:the eotipn of V (fg) in theaa apa-
- oas s called e centralizex- of U (O}) :Ln _VA".'@ @V N
and denote& by ﬁ"‘1 . "(q,‘)" ik s

Here wa will aonaider only the e.lgehra.s Cw

fﬁj l}}a

o= Cw (o} ar} for the repreaentationn w , when multip-
-.lioity of the irreducible cnmponents in ‘the decompo.sition
V 8 V E '® V'M K f,-,: “‘_.;*2263-_1)[-

' is equal to one for e.mr IFR V"' ;
' 'PROPOSITION 3.1. The a.l.gebra cN (g t;} 15 simple
’ for seneral q, and :Ls generated by tha eJ.ementa L

9" o '1@1" ® R’ . e i‘ @ f~

© - 3Ry
1‘. ’hﬂ K

' ’ e will wr:l.te CWCO}J

- whan: 1% will not’be . ambigu=’
oua. : R ' '




8. .

:Lf the apectrum- or the Ga.simir operator is. simyle in +he de-
composition (3.1

.. The proot of this, propositiop. is . basad gn the spectral o
decomposi‘bion of the matrix R"" :

[ ‘The repreaenta.tiens oz (¥ (fg,) . ere given by the .
decomposition of l.V"“’)0 ©br the U (fgv) -:l.rreducible compn- '
nents. DI ' LR . '

. The space W dascribes tha multiplicity ot J&;he h‘ w.

A in (3.3)¢ dtm W,\ = muit (V e
PRG.'POSITION 3.2. !L‘he repreaem:a.tiona 'W' :Ln (3.3) :Eorm

© the l:!.st 0% all irreducibles representations. o;r C g«

Let us use -ndy the graphical representa‘i:ion of %he mat-

_ rices RAJ“' and K J"’ developad in sectioa 2 to desoribe

the besis'in W, 2 : x>
PROPOSI’.I:‘ION 3-3. .'L‘he element,s

where @ = (w,)\,,,,...,,\ﬂ “)\}’
Zotm the orthogonal basis in . WA

where {E}‘(M}

;f.n V*

' .l'.‘he or’chogouality' 'f thé elementa':l(" (q/ @)
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Kx{‘?ﬁ)Kk{q,ﬂJ (rg,g I (3-5)‘ '

ﬂherﬂ “ ﬁw’)‘&l"'JAN-fll\j) k. {w A ,n-;/\”_f}A}
XY is the ‘trenspogition. of the matr:l.x Ky " .+ The rala—

) tion (3+5) 1s proved by the fol 1ow:l.ng- equalitiea rounded on
‘ the orthogonality of COC:

The complatenesa o.f this basia in WA ig evident.
. .- PROPOSIBION 354" The ‘aption. or the elementa 26
L baeis hava tha following foma R

9,, KM%M ZI W(A,_,,;\ﬁ,hﬂ,/\-)K,\(rp,a,) (—3.‘1):

2l

Whﬂr& a;- (N’Aﬁ,oa -, )\N_{'}\) s f"- (W I\z; ey b)fll,AN_{)A’ )
" and’ W(/\t-v)‘w M, )\—i } . are some constants calculated
helow. o - F

, " the ralationa (3 7) hava a aimple graphical rapreaenta-’j _
;.<.tion: - .




éo ;

Usins the orthogonnlity of the basis K X (q,, a,) we obta.:i.n .

a fomula for the coefficierts W :
. PROPOSITION 3.5..The: coefficiem‘!s‘ Win 'r('.'i_."a‘_)_r‘air'e ,c'eg_;:‘-' :
culated by the foll ow:.ng praphical rul O
'WU\,,)\,,,,’E,,,A@)a A X

An. exaot mea.xs....ng, o.f thn.a farmula :Ls given in section 85

The ‘aetion of g, “in K, X ba.si.s 1s similar b0 (3 7}
g KA(M= Z', w(}\‘ " ’,}\M,}\ )K,‘(a; (3 10)
R where the Qoefficient w ha.s the, rqllowing .form

~

. 8o, we descrzbed the algebra C., (01,) .and its Arge= |
' ducible representa‘hmns.‘lt is necessary to. note that the Ba= .
.'sis {3:4) 48 exactl‘.‘r a q,-&.na.log of the Young has;ta :m :Lr"edu-
. cible represcatations of’ symmetnc grou.p S : Ef.‘hig ba,gis
. ‘ia regular for the embedd.z..xgs AEER . e

' o (Og}cc (O'Jc...:_ c 5 (a}) .




: ?.:-T o

' where C (Ogr)  4a formed b,v the elemen‘ks 1 s gﬂ 1.
" end cw{ (o is formed by the elements 1',..., 911 -y
' -‘Indaed. if we consider the restr:l.ction L L

WA(C )[Bw E.ZQWI\(GN,() :,(3-_14)..
.the tasis in w}‘r{‘c“’ ) '_ ' will be. i‘ormed by fhe e.‘temants
K;\m)\'} . where a,At-(m,...,AN_z,A M.

" Let us alsc note that the dacompositions (3. 14)° determi-',
. ne tho graph of the algebra C"’(C{p (5] 1t is evident
‘thet really th:Ls greph 18 r.u:ed. by de.omposition (3e3)e ‘

Let us oonaider DOW. tha t}-—s.na.log of Young symmetrie -

zera. For thiz purpose wea introduoe the matxices 3:)\“;’“')
(Ve —-<V‘*’J° Tnet S‘}(tp,m)ﬂv :

- %cq,,m- K L@,MK ct; a)

:-‘EAm)@E,\tw:)eI,‘ CnT (315) :

" fhig latrix corraaponds to the .tiguz-e o
_ i w e _ o

@6

- Propositian 3.3 .'rollows that the: let 9:' u;, M
rorms an orthogonal set o.t prodeotuz‘s :Ln (V“an .

9?\‘?' u ﬂ‘?uﬂ’ = d:\j& 4o : G 1'7)

. DHBOREN 3.1. !I.‘ha alamam:a 9} na.tisfy th& follow.i.ng
_relatio.ns: s L .




| ]_‘-A'=< | <

" 4 is the numbar oi‘ irreducibla componenta' in: }‘-‘M @ W ,
he index # numbers.the rows'of A “end”X ’numbers the. ..




Edvioy b RO,

wo A From the‘:theorem 1.5.we have the ‘giraéompoqit:'tdn_ of matrix

Taking powsra of degreas w= 0,1‘,, vey ¥~1. of this equa]ity
- W obtald & system for the projectors 9’,\ Grd) . Solvin.g
' 'bhia' atem we_obtain the relation’ 3183, : i
"' Gonsidering ‘the” relaticm (3.18) a8 aii’ :Lnduotive process
'_i‘ar calouleting . §. (0,, %) we obtain the explicit expressian"'
- for gg‘(g,m '

G 'P' .. 11“_4 R RN
@hup,o.h L..v L ‘h,,).%a;”_ "'%va x

. u1._a -"0

Here _ e aection 3) whera thé atrmg with
'number |, “turna roun “the strings with nwubers ‘I. ...,1; -1
“(trom 1eft to right)’ Zn,, T times moving aounter-oluckwiae
and rox'm the top to t‘he boj:to W s
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 Now we “can” deseribe the struo"bu.re of th.e A . }.\,-
Conaider a decomposition of V @ V"“’ in‘bo the‘sntn of
'U (ﬁ}) irreducible componenta. : - S -

v ® V’“ ‘E w"*@v" |

. Th.e ma,’ti‘ix R, -P' 15 an elemen-b of E"d( V:\@'V-}Li —
. Em{(V @V-f")commuting with tha aui;ion of U#(g) " _Henp_e :{t_ - N
has the following form: . - e

waeze’ RJ‘ w*‘f*——»w*ﬂ*
. T Let 'W ba the 5 G

"where “bhe soacea: W_‘,'M are the Beme; a.s"';.l.n - '
.. Let R,{.N N) .be $he matr:.x ac't:ing :Ln (V“’)Q‘N’m
| ofthe form: PR . L

G




R‘“”’= }]-_R"*"f@._sf"%“ N € 113

where’ 6 Jw W @W "'"W @ W)‘ iz the permutation opers.tor;
r*ﬁc&hag.w,)-gﬂ@ot A -
] The decdimposition (3.24) and (3. 25) is the generalization
‘of :the formula (1.37) on matrices R A - " with erbitrary A
and M.+ The {'crmula (3.2‘5) gives the method Tor caloulating
the, ma'l:rioes R. M

_":._:EL‘he ba.s:.c repreuen‘bation o.f.‘ Vg(sﬂfuj) have the h.w. Wy
: and AR ' ¢™ . The matzix. elements, of the- generators do
no'l: depand on ‘[f :I.n th:.a represantation. :

E E (@)

] h . . 'I-H 1» i
whera (E w d;atd} . Bre ther baﬂic ma.tricea in o

-The Penisorial sguara ot Y W yg decomppsed dnto t‘ie
LS of two irreducible “omponenta g TE e e

AL



B R S ST

L b<i T ey
¢ T (g0¢- 4 eg’“f.); 1 .
’ e e
where e;i’u'_ end . e‘aj. are the haaicas in V * ama iy
in V¥ respectivaly, : o B
From the theorem 1.5 we find the basic R-matr:!.x fox
U, (Mtu» B

Wiy, Wy _
R 50“1 1‘{'% g_)wqwq 1[9,
- 1.:.

or using . 3}, (4.4)

R

Wyl

iz
= Q’ I” EGQE” E E&}QEj‘

g q,”") z E e‘E

In the form (4. 6)"tha""mati-i5c'”!?, 1 1. “was tousd by FimbiG [5} T b
For (1 = gﬂ (w) the deoompoaition of V '@ V“’ i .
well lmown; : : - R e
P A‘"’ e
V V M= KE‘i @ V RTERS o '(4}7‘)‘, . :: |
where >‘“ (A!)H':AK +4, AK-H" Yy Aw) S ‘i.fA
—(/\.,.-.,A,,) U\ EZ.,.,A a/\,,” } . and the sum is P

Ken ouly over K. sauarymg the' oonrution Y. PR

- Using the rule (4.7) end %he ‘theorem 3.1 one cai oalcula'be
tha elaments _q),\(%ﬂ/.’ .+ The. representa’_cions A= Kay . ]
and A= Wy " ava eonta:l:aed in’ (Vw') ol gciv:l.th mul'biplioit:.r
equal to one. It is ot d.tfrioult to- calcula.te thi correapon— .
_din,g pro,jectora “P)s R O A
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whare the Sum ta.ken ig” _over the elelent of symmetric sroup :
B W= gy 1ar 8 ‘de the gléwentary trens.
‘position in : 3 , ..ore defined by (3.%)
and W, % : - 58,00 Sk is the
'z-eprasants.tion _o.t’ ‘wiin he, nom-educible product .of the trans-
{poaztionﬂ: {K]f‘ W, Ikl ($“$ g g gy

-The rormulae (4.8), (4.9) wera‘ob“sained in, [5] as -the q,-ana-
“loge of ‘the loung aym (entiaym) metriaators. The following teg-
mYdescr:Lhas 'bhe comeo'cic-n between the algebra CN ( ga{cm,)

*and Hecke a.lgebra. }ﬂ"(tp} Sa The ...ast one ia the aggotiative
a.lgebra. with units ganerated by 'fthe, a?.ementa{ g,“ 1.._.. i N-{
sa’c s.fyin.g 'l:he followibg relations. S

(4.10)

' Th algebra C (gn’)fhr)) is_ the facior of
ovex the‘ideal JH *Formed:by the

. e'leman-b_




¢
i
i
i
i

8

£iwt

T ) Tfr LI
. WGSHM e L .
where 'n:w ere the same as in. (4.8) and (4.9) I:F >N
w'(t}ﬂ(u)) ™ '}'f (¢l . I ] iha generatorﬂ .

(}1‘ of ch {9;(%,) corraspond to “the’ generators gt of
Hacke algebra g l} g,
This thecrem is equ:l.valent o the :ta.ot that‘ in :c\he spaos,
(V”*) the reprqaentation of Heoke algebra #(g; ;)= q.m’g.,,
(this fact was notad by Jimbo [5]) is"definéd, The theorem..
4.1 means that ths irreducible oomponen‘bs of this rapresen—
tation of % {q, tha !oung d:l.agrams )\ - w:n.th rio riore than Ha‘"
TOWSs. " have". : - R L
An explioit axpre-aion for matrix elements of 9,,; o
the basis (3.4) of the representation W) can be roun& .Erom
{349}, Omitting tha deta:l.ls, wa giva the answer-

gy "’v“‘)(ﬂf’tq *)
f;w ) *m;%

W(),,)u-e )\+4K+4¢,)\+¢¢;~J (4.11)*

_ ' ':'..5'; - ;.‘i;_, 1.7 &
Wik Aeey, Ave reg Nety )=

gReT

'-q,‘z St f-m A- =-).t e 3

where. d /\ -K I\g+4

. ‘J!hia expras,sion was givén in El?]
and [15] following a diffarant argumentation.

5. ({,L sotsz) Cy SO(%J

The - h.w._or these algebra.s oa.n he 'integer-or ha.lfintager',"
vectors. For (g so(’/fl*l*f}, Nehpooes A ) 7y A );\4?. .a/\,,,
/\46 x Z, » on the-h.w, veotor e,, Hie,‘\= ().
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ei-=1’_,.'.-,ﬂv--4, Hn'\‘.’-,\: )\ €5 » For 4=
=50, A= Chgiony Mgty Audy. b Apey 3 Mg
>‘ ezzﬂi" ;--wu"f l’\p.e,,Z H:,c')r(k /\H}e)\,i-— ,...,n-f H BA-—(A ")‘u).
. The representa‘bien with integers Bewa A form & cethegory
- of tensorial representat:i.ons 01‘ @ T . The basic representatlon
ih $his cevegory is the representation with hews Wy=(4,0,..., 0)
Iu the oa'tegory of finite dimensional representa.t:x.ons basle
representation of 50(un+1 ) have howi W= 2 :v) . For
$0<hn) - there ave two basic representations in this catego-
TY. . Thesa representa.tiona are. w, and W, or W, and W, ,
Torr Wy And W, iTAlL three posaiba.litles -are equivalents,
-Tet ug- start to study Yhe a;lgebrae C ('é}and R-matrices con-
- nected with - algebra.s U 80 (2#)) and. Uﬁ(soam’n)i‘rom the catagory
" of k. tensorial representation. o -
s Bele Pendorielre yegentatlons. of: {J; (so(z.n.)) andU {50(2”#’!))
- The vectorigl representation V""f of U-.,(sn(zuw)and U‘}(sgfzm) do
‘,.-not depend on q, - A B - o

' (;so (zmm

'E'(xr) : E}}H E __} N#1-j- '[; el

W{X*) =

W ‘ - (5.1)

,_.'i:.-.-]'l;‘( Hi,.) = Ej-} J"‘ i"“' ENd-},fo-}"' EN—;,N-J’ :_




]
}
3

U {so(ﬂtm

W{X; }}"“ EN-J-,NH-} o j« 1”‘ ;11—- _' -
‘H’(x:) = Eﬂ,ﬂ-{ Emwz. 5 S o e :
J}=4,--,u1 | OGS
SUNEYLWES A “E,,;,‘,,,;; _f o

r.rr(X}) mx 3¥

H

Here, Ey; ere the ba.a;hc matrices :Ln V "-‘-‘Ge e N Zm'f -—-.r: '
for Ugsotn. and N=9w -~ for U NI As the t.ransposition.:.
The vestor . .-representations. ot (so!Zm}andU (sotdnrtdare sele~

adjaint; w, Wi + The tensor produot of two vectérial rep-

resentations is. decompoaed :Lnto the' aum'_"of thr i.rreduoibla .
compenente . .., ' '

AR V"""@ Vw" @ (5 3)

After some oaloula’aions one ca.n :ma the matriaea N 1‘1
Wy Wy Wy qu.(ﬂq R ‘
K,,wf 1wy 2 N Y They are datarmi.ned by the
following formulae ) ’ ’
’y . ﬂ-ﬂh
ey = ..._.,[eme +c; e-@e. }

_e'f:lif {q,‘meg@e’*q fker@e _
(q;-'lfzr_ l}f.mr) - u&i ':' EEE
- (}-'IM_ 21 (?‘ . K"'"Iq

" (5ad)

wall

o

%] .

*

9

‘ '-'r}ft' ‘
6 @gk—f L; KE%




(5.5

) wﬁ?i’é "c. | Ere normal:,zation conatants
‘:"e""d"el-é :e
Sl resPEC‘tJ.vely’

¥ J. = N+f- &
[2%)
',',_a.t_'e the bases . .in:f_'_\rzw‘, v

r 4"*'%) 1/<n, ""
{'*PH-‘I

’

w
for Y (so(zmj




. wﬂ"i:.
Rwiwq JquuH q 73 g)(J;%q’li& 33&’1 4.4 : 9,, _ (5-7) .

Su‘astltuting the expresaions (5.4) (5 6) in thz::w formula we
obtain the representation of 'R;”’"‘" as N x N matrix

¥

R arwiiE ®EW+E_;_.3_'1_ Nl @E_g_g_ H-H

+t§& E, @Euf-q‘m' 73 E“r® EW, - ' (58)

s_(q/ﬂm m) E E GEH,*(%W qflw) E q,}T-EgréQE

where E;. ij eTe the basie matziaaﬂ h:!.n et I'aiid the aécund
term is present only for Uq,{so(anm) N N
The- matrix (5.8) can be extracted from the work [10]: , !

W, W ¥ :
R P B(m) . where R (%) 18 the aelution' ;
Ke b 00 (

of’ !ang-Ba.xter equation correapending to tha serfes 3

Q“, .
The rollow:l_ng decompoaition.a are well knom.

Y @v 2 ‘® V 5 og.=' _sptzmﬂ‘_,’,-‘ U (B8

Vo 7= E ®V CgEselin) o 0500)

k=t
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' ek )

Hsre : ()\,i ---:Aw} o Nio i K1,

}\,,J,._A“*' S (5.9) and A =(,\,,,,)\“,.
...,A ) in (5.101, sk - . ,

" U.sine; ‘the theorem 3.1 and ‘the decompositions (5 9) (5 10)
we obtain the :rermulae Lox pro;jeotors Qi\(;,a) » For. .9}“,“ (q.)
Ctmudl (w.(c(uu) =4 ) wa hava 'the Zollowing represen-
__ta'Bion ST . P , .

{5.11}

‘ lfb.é Bu-man-Wenal a.lgeb:.-a. ':L‘ha last one ia ‘an-assvclative al-
. gebre._ :f.‘ormed b.y the gene:.a.tora 1, G E » ¥ =100, Mt

' ('5.12) '




e

-v ++4E Eif:EEiiE .
B G;- E Ewi

LG Gy E‘,H -
G B = B = EEL

&HEaMQﬁaﬂe*'j
GE, LGy = G‘-,;E”(‘n, "
GEE, = GEMQ
@,aaqgﬁgtf 

3 Ei.
E,',,,, E_;, G{;-,r‘--__gmfﬁ'-? N B
B B = B
GE; = EiGy= {’Et\t;‘?.:‘
Et("’m E% = EiG{—-fE = &E‘l

THEOREM 5.1, The algebras c“'(smm; mc (sa (o). are
factors of Birmamn-Wengl algebra With s 'i-f'} "3- "l"'} &"‘%'«51
ovar the :l.deala fomed hy the alement ¢ o

acting nentrivie.lﬂy only :t.n tha mult;l.pliarn of ( Y 1) D i'v:i.ﬂ__xf <
_numbera i<W+l ', In other multipliers I acts as @ .-,
unit matrix, Here By (41 Lo defined by (5.11); (5.12), fhe .
generators Oy of B.Wi algebra ‘ara oconngoted with the genaw -
rators of Cw‘ (0&) by the identification Gy =L ‘ff}‘i N the |
Benerators E} are detemined br (5.13). For m’}:»ﬂ C”l L
BWM o . :




S e e L

: Uqf(sﬂ(m) as a Hopf aubalgeh;'a.

A AR AT
“R-matrites RYY __
,danca wii;h th" otat ong- _of.‘ the seetion e wor represent hy

'.-From ’Ghe symmatr:r.o .

T

UONSEQUENGE. The representatien ® 0f B.W. algebra with
W = t(q, 4 ”"J ‘B--w], P, G(G-J— Wf@ @RWYr g

- @ 1) R ' defined in “the space
. The ntructure of algehras ¢ w'(sa(?;u.)) c“"(sommm and
‘ c “sbw) - ig In agroement with the natural embedd:l.ngs -
qumc sa(?-mu, sb(n) e so(dni, i
: THDORFM 522+ The’ algehras U (30(23)) endU (Sv(ﬁuﬂjcontain

Thig theorem follows. fron tha oommutation relatlom {1e1)=

: (1.3) énd from'the fomulae (1-4§ (1-5) .foz- c product in -

tr})

" repre-~

fsuyalsebra U,}(s fiuy) »

9, Veotor. | ! aﬁdlcon:}ugated to vactor 7
':represgm‘:ationa of Uqffsﬁ(u)) « The U {sCiun
s ; and 'g W H oy in BCLOr-

. .ms,tr:l.cea we ‘heve. R"" “"R R“' w"R ‘“'
‘THEOREM 5:3.. The. ‘basic; R~matrices of. Uq\so(lunandu (30 iy

:}iave the following block structures at tha z-aatr:.ction of
U,r(m(m) andU (so(zmmon U, (b)) ‘

: Zox U‘}(som mw




wxH




-

{5.17)




for Uq(SG(ﬁiH) o

n-#."

ﬁxﬂ‘

wiy

‘ fnxt

Cx i

s

X"’

- 0 o~ ﬁ’)

{0~

h S
e,

‘rhia theoram followa xrom the romlaa (5 El)

algehras L

f

' COROLLARY, Thare exist the Iollowin.s embaddinsa or the L

i
|
i
i
|
1
H
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c““(so(aw 1»:: c (sﬂan1¢C““Csfqu -

Ua:lng the' theorem 5.3 end the action (4 11). (4 12) of
Cf: (s&mn in K,\ -ba.sia in WA one oan find the sction
of LAYsoeamn and c“"(sctzm) . Ky-vasis in W, . Expli-

; e:l.t formulae will be given in 8 separate publication. -
e : " representations,. The spinoy - rapre-
- mentations v"’w and Y W=t 5z U, (50(24)) each have o dimen~
" sien - 2" ! o For’ U {50 (At )). spinor reprasente.t:l.on AL

.‘.' hag- dimension 9, -« 'Thé bases ih spinor . reprasentations
. ere parametrizea By the wéights €£=(%;..., s(,,; b; = _,i,
]::For_ U,{(smm) there are a.tutiliaxw retrictiona an &3 H £'=

Sy i‘or Vw"" .and H; & =-2. : for Vw"“‘ : 'l‘he api-—
_."nm.f. . representations o.f U (sotﬁmm and U.}(sotzml are defined
__-'by'tha 'oiio' ;the baﬂio -Veotors ﬁE

7 (5420)




Y

Yl

ot S
X' e...a& = -

H-f"-"

6

l-h,ee= (e sm)ea TR

“’ e& = (e”‘-"_'.au" &s ) ,‘ e

Xp= aXPPa

Hara r.h.s. n: Qe :Lr tha waignt -s.’.‘"of ‘&E" % 608 not'ﬁéiohg'*"- S

to the set of welghta of tha apaca V”"‘ (or V (i );‘ -'The"

tenson. . product of mpihor: representationa ha.a the follo- o
wing spectral decomposition : !

U, {sazzn» et T
: ( z V""“)@V*% n, e-vm ) ..
Vi oy ey v"’"' 1 ’ﬁevw,s.f Jor V“% AT

$=f

. ( %‘, ® Vw““ }@ V""“*w""" n-—erm

M.'

V eV "= s
( V%S}QVG"'H%",'W odi

(5 23) o




.

V et 9 Vw" , W evm )
i (5+24)

v”» ° e ,' . ot

{5425)

U?( sotﬂm)

V”*ev"’w : ( E eV“’S)a V"“"v

ey ey

S Let us dese.ribe the KGC ot tpeae deoompositiona. As in
. ‘_'.the previous part of this aeution we shall use the gx-aphical
'representa.tion or the matriges R Ju’ and K WY g:wen :Ln
seotion 2.- ] o -
R L 1) comrenient to considar tha apace V Vw'”@ VwM
'.;-ror Uw(so<2wu and- the ‘madiix

KW W| w w'
: w., i wh__

‘*’n-f W’ - NH—{ w{*
K K ‘

(5426)
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ror | (so(ﬁmll}we shall writa Vs wa L : e :
 fox ﬂ{samm) and S

- THEOREM 5.5, The matrices K o
for H (.wmmm sats.afy the tollnw:mg rele.ti.onas

‘. The proof of: thia thooram rollo\m rrmn thaoram 3 1.
It 1is interaating that. ths relationa ¢. - bgtg;_ﬂn :
the matrix elements of K "’”‘ " and . K“" '”_-_ pémi‘t ne to

introduce. q;-analog o: Glitfm*d az.gabra. 13 we wr:.te R

. 528y

3
i
i
i
i
J
i

the valations (5-27) sive the q-anticomutatim rela.tionn s
for the matricas Tt H :
-

BRI Dt 2 1

T’ T;r =‘T1‘,fr
i +(4+g t)gu

with normaliza.ti.on oondit;loq

‘5*& Fyr.= xwi DL
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Uaing explioit rom o.t the spinorial and veotor representa~
_ tions the matrices K.', ", oan bevaldulated exaokly. But
we w:f.l]. not praeent here these ealoulations ‘benauae they take
'up too much space,__and are not ery inatructive for: our puz'po-_

ara'tha orossj.ng transromatmns
» (sae (2.20)). Ueing the formulae of.
fthu aectian Gl _and.'(ﬁ.al) we obta:l.n an axpression Zor the
'-prodector jﬂ:,is e R R,

(5.30)

4 :Lza.tion oonstanta and pro;jector
- 3’ (V"")e"_-—-r- V“"‘ “was-given by : (5.11).
e " Bo, we! have. thi exprasa:l.on .for spinor-spinorial R-m&tri-—
- oas t}.raugh the matrioas K:,f and R et :

RN _ (.5;31_‘)'
uE“} 4(‘2""""” o

k“‘n-ﬁ

=0 -




R
“are givan by (5-301» ‘ ' R
Using the comutat:l.on rela,t:l.on- (5.27) :Lt :La amy %o,
prove the rollovd.ns :I.dam;:i.tisa.i B :

ugf %—‘

= “[.'.qln .t) (4"4’%) thf ".:F‘" ‘. ;. j , i :‘

e 9 );,(K'MK")

K*Kigl 4 u"‘i—-i

' i‘(; = mg"m {}6\1, ] 2"')\ (g].ugjh'!:_xi-[.! ?{-—f )} f

AR
‘5.38)




) Here TH/ 1 AR Joint in'wlzich the ine mumbered -
. (the nwner_ation ‘béing Lrém 1oLt to Vrite) 14 connected with
the . . K~ line in sioh a '«ay that the . Ky =line gous above

. Kj -l:l.ne i{f ‘t‘<3 LI ‘ .
_((‘r = sp (fmJ

s All fo:mulae in this qase a.ro very similar to thoaa in
phrt one of theé previous’ ddotion.
7. . THe Huw.' of ‘tikite dimensional repreaentation of
?--"?-are parametrized by the’numbers )\w()\p..., An )
hezizhy,, MNeZ[) U e ) 1g thie hawi vector,
I-l $ €)= (A= '\M’% Sy ued, M, e=Age, Xiep=0.
. The basic represem;ation GIU{SP{ZH)) ha.ve the h.w. W=
(‘f 0’"'0) Sy P g 7

(601)

2 Thetene __,?', Sq'ua.re o;i: the ‘basig representation 15 the sum
':lof th:ree :eraduoihle oomponants:

T 6a3),




A8 in the. oesaﬂ otq =500 ang. so{ﬁm Dne can calaulate
the matrices - Kgly! K"’;“" _ang, K% Subst:.tuw.ng
thesa matricea :Lnio(G.S) we obtain ths mn#rix R Hot

Wa Wl

0}:" E E‘W@ E”"' ?i’Eﬁ ®Ei’5 d'

=
- (‘V""V) E E E”( %7 E"j': -

where i, 2134-4-{ E 1, -4,.. By EyE :
y Ang 1r==1r--i-, isw, I'-'ie-n-z' ’ ia nedlc
‘Irhia matrix osn &leg be extractad rrom [_10]. o :
The matrices R and -, for eny h.w. };,Jw - oan be
found fram the theorems 2. - 3. and from tha ramiﬁcation )
rules u ; -

)\““

vevta £ o 6

whers )\ LA ,...,I\K-r‘l,...,)inj, A(m-xi__
K= 1 DR AR

Koy K-y Ny

positions,

‘ia...w. algebra’ w;Lth " u(q” '/") y Aeig e

ever the- :hleal fo:mafd b,f the~ elemem’s B

‘l;- ' H-H

raoyosm:om 5.1. The g.lsebra. {}"’ﬁptwr is _&f raai.o:- of

= g
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Bunbers wsm-f ‘ ; The slements Jj(¢) are defined by (5.11)
with the mafrix o gt c ol

7o T e

= 1: we conaider the blook basid. in V ', conn'eoj:ad with
. tha emtedding U (spfzm) = u‘}(sg,ﬂ” SRV ,
.V%"VQQV va = dim ““‘3. (am

© We. obts:!.n the rapreaanta.tion of RUM in the viock form with

the blocka constiuoted from U (si(m) R—matricea.,

. ¢ . PROPOSITION 6.3, The matrided (RMal 21 have the :o_l-, _
" owing bldck atmctura in the basis (6.9): o

(6.9)




581

(6.30)

a 0 ] > pebtetiy

al-*'

a=q/3:

where we use thenf_lotatit?,!‘lﬁ_l of ‘sastions 2.and 5,

The irreducible fin:i.ta dimansionnl reprasentations of
Uy(G,) are pazametrized by hewe Az byt # AgWi .- 4 Where.
Wy and g, axve: the fundamental weights 13“ . 16“3:)_ and
ez, . 1z Y, é.V 48 the h.w.' vecter. H,e,‘ A,e,\ ;
Hyey = 3hy.0 S

the basic reprasentation of U (G- ) ha\re h.w. /\ntm o

‘Let us oonsi.dar the baﬁiQH :m V"" .....fe:mad By weight " vaehora,: ) :
=8y, , 6= *"nr;m,, ’ 53— Cq, '&q“ 8-, 2 e's“‘ &y '_'.‘-" : P
e,ee A=y ; By = €- w, o :" .'.I.‘he roota, -

ave shoin o the” figure T T e L

g C In thn.s ‘Basia the elements H‘a

X; . age. reprasented
by the ma,trices: :




1o
ol (741}
0
0 |
1 o (e
1 C
-1

YO I’ )
‘ In this nomalization the comuta‘b:l.on relations batneen :
. the ganara,fora H . ha.ve the tollowing .form:

[H,,X ]--zx" 7_ [H,,,X ]_+sx-

3 A‘ﬂ.‘he x-epresentation V“‘ 18 aeltdual: V Vw'
LA ‘bensoriel product ‘of the two- basie representations of
(Gg,J Has! the Iollowing deumnposition - :

..fV"‘*w‘"' V”“"ev“’wav”'e v" Caw
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iIn this de_o.,c.sm_éa‘ Fi .
It is not dﬁfticu ;

8= 9—( “}q *"a.

. 1’.. ?(645 6 @ 64.. cqﬁﬁ@as.} gq{"i’e@% 5$ ,@%) - E

g(@q, e@e'

-b:‘ﬁ-e @ucq, #':e @e 8 '"*:"‘. PR

4 g,&(—q,g @ﬁ,* c}»e @e 1'%5035'4‘(‘[;{ g )
16,98 6&'@%*? 630:8 '“}' L @e-l)
4 ng{ﬂcﬁe @85 ﬁt;'go“ ” ,j"";-!i_?,#;!-"

-8y’ %e,@ e‘)

Y= 9(81;%5 ocg-afft’e @&,vcg,’;e e#, % 6@8}
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L ” w
86 the matri:z (K i

,)f.

Iﬂ (K -& oo s
- ia given axplicitly.-\, : '
" THEOREM 741. The matrix R,m* "

séﬁsf_i:ea thé following
relatinna. o

(1.6)

D

B J?ROOF. F‘.rom the theorem 1.5

E e ha\ré ‘the 'speo‘tral decompo-
' s:l.tion of R“""“’f Che : '

w, wi . wi Qq




e ot i e

6 .

Wi Wy - . S o :'. A o
g " v ‘41“! =1 -y @
trvw ((}f; (q 1)(@ 1-1) | S

Wy by
Substituting (7.8), (7.9) in the 1. h.s. ef 7 6 and using tha o
decomposition of units 1n V""1 By i . o

Xw{ Xﬂ *wa ;* 7-_-o_,

‘wé obtain (7.6). L
The equality (T.7) is obtainedha rotating the pi' uras

( 7"6) by, . 30° {makins eroaains-trmsxomation).
Oonsldering the equslitien (T.&J ead ('Is'I) as a syatem

of linear aq,ua.tions for R‘ &ndﬂ'{f’" I wo- nbtain a;',x gxp-
ression for thede matricee in terms o:r the matnx K"" S

(T.4)i |
. PROPOSITION fz.:. S S

Xegh s i "(x m i a} L

(l;:-i ).

.l -) ) L
/ .....~... ZX =3 (‘} H% { {?H (7.1“

gu

Laet ua consider now’ the restriotion o - @,‘, to tne 55(2)
triple formed - by X, ’ H "« The presentationV b :{.a l.he

sun of thres §é(%)’ -irredudible aompoﬁen___ :




Lo i | .

- - o The apaces v
. 'V-'f ! 0 :omed by khe veatora 6550 v,
4.“ e,—} : 57, 5’.;) < corprespondingly. .
- ¥or 33{2) G0 we hmre: T

(7.12)

whera @, X . ara tha baaaa :Ln 2-dimemional reprasentation of -
'U@{sﬁm) amte a‘ é‘







Y'L' (701213 "\/3’ e ('1.13} (7-14)

An :Lndax 1 oorreaponds to 8 2—d1me.na:l.onnl represantatim
1ndex 2 norrasponda to & .;-dimansional reprasentation.

~PFrom (7.4) and (7.12—)(7.14) wa obt __'n-the stm -block R
form of the metrix K Gy 0y

'mef .A 4 .‘
0. 0 R 0o bl foop o

where S l‘,f

From {7.15) wa abtain ﬁhe fallowd.ng exprasaio,n ror projao- ‘
tor‘.‘%‘" - S . : '

E
i}
o
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) and tbe aimilar expression .for crosaing-condugate matrix.
. For ons dimenaional pro;feotor thera 1.5 a aim:l.lar repreaenta-
©whemy A

r Subatii;ut:l.ng (741532(737) 40 (7.10)‘
an’ explioit exprassion ror R. Wi

DE o
- I .
PR L R A
o o e

{7.17)

and (7.11) we Ob=
R thmzsh sﬂm-cac. o
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This- anuautomorpr_z;ag is c‘aileq- the. antipode.

Here e siva some elementsry facta a.bat
The details are given in [u], - SR ‘
DEFINITION 1. An associative algebm A uith unm; RS
and multiplioation W tA@A**- A iaa bia]:gebra if. thara ia
& homomorphism of ‘algebras A: A—-—n- A- @A aatiafy' ng the
ocassooiativity oandition. THe coaaaociativity implier.,;the.
oommutativity of tha rollowing di.a.gmm. ’

strusture of bialgebra vd:th multiplinatien A .

comultiplication. it A% = A% @ A and with oounm; e

&t )=4;, d is alao dafined. o 5 '~
DEFINITION 2, Bialgabra AT g8 a H’epf alsebra 1: ‘on

there ia an- antiautomorph,tam ¥ auch-that the rollowing diég-
ram is oommutati\re - .
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