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L , I-
Lo L Fy(V) : H' (L Fy(V)).
0 152.5 A

Dual Resonance M odel -

, Virasoro

Virasoro , L
[1] . [2] Larsson
, [y ; gln
[3] sl L Fe, Fi(V)
q P , L~ Fu(V) , [4]
1
1 G ,L= O:€cL- G- V= @ccVs G- L-
D: LV,
D([u,w])= u*D(w)— w* D(u), u,w € L, (1)
D . D D(u)=u*v,u€L(vEV ), D
D(Vy) CVuy, V,€EG, D «x
Der(L, V) Inn(L,V) , Der(L, V) x
L v H'(L, V)~ Der(L,V)/Inn(L, V).
P, q p . e=(1,0),e=(0,1),I= Zei+ Ze:, I = I\ (0,
0), [i= pI, o= N\, 24 Cer+ Cer, L'= (D(m) | mET" ), di, da ,L= L Od,d2),
D(0)= 0.
L

[D(m),D(n)] = g(m n)D(m,n),
[di,D(m)] =- [D(m), di] = miD(m),
[di, d2] = Q

* *
,i= L2, m=mier+ me €l n=nie+ ne €l |
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qm2"l _ qunz, m, n & 1"1,
g(m,n) =
m2ni1— minz, .
L , VA )
20 VYa€ 7 Vskh- V Vn€T, V(n) v : ,

cFg sha- - R
VIT Fi(V) = QerV(n).
L Fe(V)
. _ ) Am . n)(g(m)- f(nm))v(n+ m), m €I,
D(m)*v(n) =
(w n+ Q)v(m+ n)+ A(u,m)v(m+ n), m€ I,
di*v(n)= (ni+ a)v(n), i= 1,2

An,m)= q°",
S(nm)= g>" ",
g rC ,
g(n)g(m) = g(n+ m), Vn,m €T,
g(s) = 1, Vs € I,
u= (mz2, — m),
A(u,m) = - mie+ mif+ mimah
,e.f,h sl Chevalley . L Fg(V) VA
2
e,f, h sl Chevalley ,V sl2 t , V1,02, - Vi
j j=12 -t
1 hvi= (t+ 1= 2 Jvisfvi= jui+1;evi= (t— j+ 1)vi- 1 sv0= pr1= 0
1 ¢ . L= QL G- N G-
L- , Der(L, V)= XgDer(L, V).
2 (1) a€ % s€T, g(m)=f(s,m), . Der(L, Fe(V))= Inn(L,
Fa(V)).
(2) a€ % sET, g(m) =f(s,m), .(a) —oa-s€l2 ,Der(L,Fi(V))=
Inn(L, Fi(V));(b) - o= s€El, =1 ,Der(L, Fi(V))= (Z, &, X1, X2) Qnn(L, Fi(V)). ,
Si(dj) = 0,
S(D(m)) = mwi(m- a, m €T,
0, m €T,
X(dj) = §vi(- a),
X(D(m)) = 0, Lj= L2
- s€TL, =2 ,Der(L, Fi(V))= () @lnn(L, Fi(V)). ,
Ydi) = Yd2) = 0,
qrz(m‘fl)mwl(m— a + q’z(m'fl)mwz(m— a), m€ Iy,
—a s€EN, =4 ,Der(L, Fe(V))= M Olun(L, Fe (V) ),
Wdi) = T(d2) = 0,

N D(m))= mivi(m- @+ mimw2(m- Q) + mimivs(m- Q)+ mivs(m— Q).
- sE, 1 23, 174, Der(L, Fi(V))=Inn(L, Fi(V)).
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2, Der(L, Fi(V))= E@ZQDer(L, FS(V))r. D:EDer(L,Fi(V)),

Dr(D(m)) = ]_:[ZILD(r,m)U(r+ m), (2)
D:(di) = j:[ZI‘Pi,j(r)U(r), i= L2 (3)
, Y (r,m) r'xl* C , ®i(r) r cC . , Ui(r,0)=0,
bi(t,m)= 0= bo(r,m), ®..v1(r)= ®o(r)= 0.
1 2
A(m)V=- mi(t— j+ DU+ myjOi+ mma(t+ 1— 2j)0, (4)
A(d, W)U == ni(t—j+ Ui+ njUci + nima(t+ 1= 2)0, (5)
,u= (m2, — mi1), U= (n2, — ni).
(1) . w=D(m),w=D(n), 2) (4).(5),
g(m,n)b(r,m+ n) = (m, r+ n)(g(m)- f(r+ n,m)) 4 (r,n)-
Onr+ m)(g(n)- f(r+ mmn))b(r,m), mn €70, (6)

g(m.n)d(r,m+ n)= (m,r+ n)(g(m)- f(r+ n,m))4(r,n)-
(U, r+ m+ Q) (r,m)— mna(t+ 1= 2j)%(r, m) +
ni(t—j)Gei(r,m - ni(j- )b 1(r,m), m€ T, n€rly, (7)
g(mn)b(rrm+n)= (ur+ n+ o) (r,n)+

mima(t+ 1= 2/ )b(r,n)— mi(i— j)der(r,m) + mi(j - 1)b-1(r, n) -

An,r+ m)(g(n) - f(r+ m,n)d(r,m), m€ETD, n€ly, (8)
gim, ) (rrm+ n) = (u,r+ n+ Q)d(r,n)+ mm2(t+ 1- 2j ) (r,n)-
(,r+ m+ Qd(r,m)— mna(t+ 1= 2/)b(r,n)— mi(t— j)bei(r, n) +

mi(j— )dei(r,n)+ ni(j— bar(r,m) - na(j- 1)b-1(r,m), m, n€T. (9)
(1) , u=di,w=D(m), (2),(3)
(ri+ a)bi(r,m)= (m,r)(g(m)- f(r,m))®i(r), m€ 1, (= 12 (10)
(ri+ a)b(r,m)= (wr+ a)®,(r)+ mma(t+ 1- 2/ ) ®;(r)-
mi(t—j)@i(r)+ mi(j— )%ri(r), m€ET, i= 12 (1)
() , u=di,w=d, (3)
(ri+ ai)®i(r)- (r2+ ®)%(r) = 0. (12)
, b (r,m), %(r) (6)~ (12)
D:(r€r). ,
2 r+ aZ0 , dim Der(L, Fi(V))r <t
3 rea=0 , Vm= me+me€Cl [ b(rm),j=12 ... 1, bi(r,mie), ¥ (r,
mae2) (j= 1,2, -5 t) .
4 r+ o= 0, (1) glex)Zg "t , Vmi,m€Z Y (r,me), bi(r, me),j=
1,2, --t, bi(re)(j=1,2, --,t) .
(2) gle)Z¢> , Vmi,m€Z b(r,me), b (r,me),j=12 -1 di(r,e)(j=
L2 -,t) .
(3) gle)=q". gle)=q¢ " , Vmi,m€EZ 4
=1 ,di(r,me ), bi(r, me:) di(r,per), di(r,pe2)
=2 ,¥%(r,mie), ¥(r,me),j=1,2, bi(r,per), d2(r, e), di(r e)
=4 , b(r,me ), ¥(r,me), j=1,2 3 4 bi(r, per), b2(r,per), b2(r, pe2), bs(r,
pei) i(r, pezx)
=3 125 , bi(r, mie), 4i(r,mee2), j= 1,2, - t, bi(r,per), d2(r, pex)(j=1,2, -

i— 1)
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5 r+ o= 0

(1) g(e) Z¢° gle) Zg ", ®i(r)= ®i(r)=0 =12 .1

(2) gle)=q> gle)=q", =1 ,%(r), %i(r) ;o t#lL L9 (r)=

(Pl,j (r): O,j: 17 29 A L.

1, Der(L, Fi(V))r=Inn(L, Fi(V))-.
3 3
31 2
1 r+ a#0, 2 , dim Der(L,F;(V))r<t. 6 , dim Der(L, Fe(V))r=
L, Der(L, Fe(V))r=Inn(L, Fe(V))r.
2 r+a=0, ri=-a,r2=- Q. sET, g(m)= f(s, m), g(e)= g~
gle)=q " . gle)Zq " gle) Zq>.  gle)Zq ", 3, 4
(1), 5(1) ,dimDer(L, Fi(V))rSt;  gler) 22, 3, 4(2), 5(1)
dim Der(L, Fi(V))r <.
6
dim Der(L, Fe(V))r = 1,
Der(L,Fe(V))r= Inn(L, Fe(V))r.
Der(L, Fi(V))r = Inn(L, Fi(V)).
3.2 3
1 r+ a0 3.1 1.
2 r=-a r-s€ly, ptri—si, g(e)=q " FEq ", 3, 4(1), 5
(1),
dim Der(L, Fi(V))r St
6
dim Der(L, Fe(V))r= t,
Der(L, Fe(V))r= Inn(L, Fz(V))r.
3 r=-a r-s€rC, plri—s,pln-s gle)=q¢2,g(e)=q 1, 3, 4

6 r+ aZ0 I m= me+ me €T, g(e )" g(ex)™ Zf (r,m) Vm= miei+
mex €0, gle)" g(e)™ =f(r,m) 23 ; dim Der(L, Fi(V))r <t,  dim Der(L, Fi(V))r=

(3), 5(2) , t=1 ,D-a« ®i(r),fi(r), "(- ape), (- ape2) ,

dim Der(L, Fi(V))-a <4
mwi(m— @, m €T,
0, m € Iy,
X(dj)= &ivi(- o), X(D(m)) = 0, Lj= 1,2

, 4, 8, X, x . ,
dim Der(L, Fe(V))-a= 4,
Der(L, Fe(V))-a= (&, %, X1, X).
t=2 ,D-a di(—ape) &(-ape), h(-ae)
dim Der(L, Fe(V))-a <3.
0, m € I'y,

Si(di) = 0,6(D(m)) =

G(di) = &(d2) = 0,%(D(m)) =
(d1) (d2) (D(m)) mivi(m— o) + mimvsi(m- a), m&T, i= 12
rz(ml—])mlvl(m_ a)+ q"z(ml_ |)m2v2(m— G)’ m E Fz;

G(di) = &(d2) = 0,&(D(m)) = 0 m€ I
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, G, 8 , . ,
dim Der(L, Fz(V))-a= 3,
Der(L, Fe(V))-a= (&) OInn(L, Fe(V))-a;
i=4 ,D-a bi(r, peir), 9(r,pei), 2(r,pez), 3(r,pei) i(r,pez) , dim Der( L,
Fi(V))-a<5.
N(di) = Ni(d2)= 0,
WD(m)) = m?vl(m— a + m%mzm(m— a + mlmgm(m— a) + mgm(m— a),
Ndi)=di*vi(- =0, N(d:) = daevj(- a) = 0,
N(D(m))= D(m)* vi(- a), j= 2345
(= 1,23,45) : ,0(j=23.45) . . =4,
dim Der(L, Fe(V))-a= 5,
Der(L, Fe(V))-a= M) Olnn(L, Fe(V))-a;
t=3t25 ,D-a bi(rpe),b(r,pe)j=1 yt—1 ., dimDer(L, Fi(V))-a <t
T(di) = dr*vi(- a =0, T(d2) = d2*vi(- a)= 0,
T(D(m)) = D(m) * vi(- ).
JG(j=12 - t) Der(L,Fe(V))-a : .
dim Der(L, Fz(V))-a = 1,
Der(L, Fi(V))-a = Inn(L, Fi(V))-a.
1 (1) a€ % sET, g(m)=f(s,m), ,  dim H'(L,Fz(V))=0.
(2) a€ % sET, g(m)=f(s,m). , (a -—a-s€r ,dimH'(L,
Fi(V))=0:(b) -oa-s€l,i=1 ,dmH'(L Fi(V))=4(c) -oa-s€E,1=21=4 |,
dim H'(L,Fi(V))=1; (d) - a= s€D1,1 23 t#4 dim H'(L,Fi(V))=0.
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The Derivations From the Lie Algebra of Skew Derivations
on Quantum Torus to Its Modules

WEN Qinzhu
(School of Mathematical Sciences, Huaqiao University, Quanzhou 362021, China)

Abstract: Denote the skew derivation Lie algebra over the rank 2 quanturn torus by L, the structure of the derivations of

modules over Lie algebra L is studied. By the analysis of linear relationships among derivations, we obtain the derivations
from L to L modules FZ(V) and give the first cohomology group H'(L, Fi(V)).

Keywords: skew derivation; Lie algebra; modules; quantum torus; the first cohomology group



