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Lie algebra of the infinitesimal automorphisms
on S3 and its central extension
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O. Introduction

In this paper w e shall deal w ith a central extension of the Lie algebra of
infinitesimal automorphisms on S 3 .  Such a  centra l ex tension  on  the  circle is
famous in  th e  nam e o f V ira so ro  algebra. T h e  L ie  a lgeb ra  Vect (S4 ) o f  in-
finitesimal automorphisms on the circle is generated by (the restriction on S')
of

dLm =zm (z d z l ' m  ° ' - ± 1 ' ••• '

where we look S I =  (z EC; Izi =1), with the commutation relation

[Lm , Ln] = — m)Lm+n •

A two cocycle on  Vect (S i )  is given by the formula

(o-1) C (L m , L n) *Is (n 2 1 )  an+m,0 •

Virasoro algebra is the central extension associated with this two cocycle.
A  highest w eight representation o f the  V iraso ro  a lgeb ra  is  genera ted  by  a
h ighest w e igh t rep resen ta tion  o f  t h e  a f f in e  L ie  a lg e b ra  5 1g  (Sugawara
construction) [K] . Though w e have n o t a  satisfactory theory o n  th e  highest
weight representation o f the  (abe lian) ex tension  o f S 3g  [M - R ]  a n d  d o  not
know  ab o u t th e  ac tio n  o f  Vect (53) o n  th e  representation space o f  current
algebra th e  a u th o r  th in k s  it  is  w o rth  try in g  to  have a central extension of
Vect (s 3 ).

In  [K -K ] it w as show n  tha t the  tw o cocycle  (0-1) is derived  from  the
non - commutative residue on the cotangent bundle of S', tha t is,

c (X , Y ) = res [lnICl 2, symb X ] • symb Y .

Here symb X  is the pseudodifferential symbol a n d  denotes fiber coordin-
ate. (A ctually  their derivation o f  (0 -1 )  should be corrected a  little. See the
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