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Abstract
We study the existence of three types of filtrations of the space
Dku(Rz”l‘ Ny of differential operators on the superspaces R2/*1IN

endowed with the standard contact structure o.. On D;L“(RZ'”'”),

we have the first filtration called canonical and because of the

Rr2l+1n

existence of the contact structure on superspaces , We obtain

the second filtration on the space DM(RZHH”) called filtration of
Heisenberg and thus the space D;LH(]RZHM”) is therefore denoted
by H;L“(Rz”lm). We have also a new filtration induced on
D u(®2 1) by the two filtrations and it is called bifiltration.

Explicitly, the space D;LH(RZHH”) of differential operators is
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filtered canonically by the order of its differential operators. When it
is filtered by the order of Heisenberg, the order of any differential

operator is equal to d € %N . This study is the generalization, in super

case, of the model studied by Conley and Ovsienko in [3]. Finally,

we show that the spo(2/ + 2|n) -module structure on the space

DML(RZI +1‘n) of differential operators is induced on the space

H;LH(RQI +1|”) and therefore on the associated space Sg(Rzl +n )

R2/+Iny

of normal symbols, and also on the space Pg( of symbols

of Heisenberg and on the space of fine symbol Zs (RZIJrl In ).

1. Introduction

Based on the concept of contact supergeometry, we begin with the

standard contact structure o on the supermanifold R2+1n

. This paper is, in
some way, a generalization of those formulas known in classical geometry,
as done by Conley and Ovsienko in [3]. Next, we describe the concept
of densities on the standard supermanifold R in the classical way.

We define two types of densities on R2#17" and show that if d is a
superdimension which is different from —1, then there is an isomorphism

between the space of tensor densities Ber (RZHH” ) and the space

d+1

of contact densities F ;L(]Rzl *lm) " where A eR. These spaces

Ber 5, (R¥*U™) and 7, (R**!1") are isomorphic as K(2/+1|n)-
d+1

modules, where K(2/ + 1| n) is the Lie superalgebra of contact vector fields

on the contact supermanifold R+,

The definition of differential operators which acts between the A-

densities and p-densities, where A, u € R, on the supermanifold R +n

establishes the existence on the space DM(Rlel” ) of two types of
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filtrations, i.e., the canonical filtration and the filtration of Heisenberg. These
two filtrations induce another filtration called bifiltration. In this way, we
generalize, in super case, the model described in the even case by Conley and

Ovsienko in [3]. We define the space S S(RZHH") of symbols associated to
the canonical filtration, the space of symbols of Heisenberg Pg(RZlH'n)
associated to the filtration of Heisenberg and the bigraded space
26 (R2#117) of fine symbols. In the last section, we show that these
spaces are spo(2/ + 2|n)-modules, where spo(2/ +2|n) is the Lie sub-
superalgebra of KC(2/ +1|n) constituted by the contact vector fields X,

whose superfunctions f are of degree atmost two. In order to facilitate the
computations, we use the method used by Conley and Ovsienko in [3]: we
represent the symbols by the polynomials and the Lie derivatives by the

differential operators. In this way, we see that the spaces Slg(RyH'"),

Pg(RZIH'n) and Zlg d (R¥*11") are isomorphic to some sub-spaces of

We use the symbolical notation, i.e., the moments &, a;, ; and vy;

associated to the vector fields 0.,

Ai = 6)6,- + yiaza Bj = _ayi + Xiaz
and 5, = aei —0,0,, respectively, and compute the explicit formulas of
the actions of spo(2/ + 2|n) < K(2/ + 1|n) on the spaces S§(R21+1|n)’

Pg(RZIH'n) and Zlg d (R 117 respectively.

2. Contact Structure on R/ 117

We consider the supermanifold RZHH”, where / and n are integers. The

standard contact structure on the supermanifold R2*17 s defined by the

kernel of the differential 1-superforms o on which, in the system of
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Darboux coordinates (z, x;, y;, ej), i=1..,0and j=1,..,n can be
written as

/ n

o =dz+ Y (xdy; - yid;) + D 0;d0;. (1)

i=1 i=1
This differential 1-superform o is called contact form on R we
denote the space constituted of the elements 7,.,1 < r < 2/ + 1 of the kernel

of a by Tan(]RZI+1 ),

If we denote by qA = (z, q¢") the generalized coordinate where

z if A=0
X if 1< A4<]

gt=1" . )
Ya-1 if [+1< 4<L2]

BA_ZZ if 21+1SAS2[+I’Z,

then we can write a in the following way:

0 id | 0
a=dz+ o' dd, (o)=|-id 0 0
0 0 |id,

Remark 2.1. We denote the elements of the matrix (0**) by %, so

that (o, ) (0*) = (5%). We thus have

0 —idy | 0
(@)=|id, 0 | 0
o 0 |id,

and (o) = —(=1)"% (&™").

Definition 2.2. We call the field of Reeb on RZ*!"  the vector field

Ty e Vect(R?*11™) which, in the system of Darboux coordinates, is written

as Ty = 0.
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We can show that the field of Reeb is the unique vector field on R H 7
so that i(TO)()L =1 and i(T())dOL =0.

As proved in [2], the vector fields T3, ..., T4, € TanR> 117 (i.e., the

kernel of o) are written explicitly as follows:

A, = O +¥0; if 1<r<1
I, =1-B,, = 0, ,—x_0; if [+1<r<2 3)
D._y = 09, 5 = 0,20, if 20+1<r<2+n

If we write the vector field 7, as follows: 7, = 8q,, - oaqukﬁz, then the

following formulas are immediate:

Tr(qk) = 6&, Tr(Z) = _(Dquk’ [Tra Tj] = _Zmrjaza Tr(Zz) = _szquk- (4)

3. Module of Densities on R2/*1!7

In this section, we consider the space C* (}RZHH") of superfunctions
and the space Vect(]RZIJrl | ") of all homogeneous vector fields on R2Hn,
. A A
We define an action L% of an element X = Z 4 X aq 4 of
Vect(R**117) on the space of superfunctions C*(R%/*11") as follows:
Ly (g) = X(g) + Miv(X)g, Vg e C*(R¥*I"), )
where div(X)zzA(—l)XAqA anXA. We can show that for all X, 7Y €

Vect(R* 11" we have

[, 4] = L?X’Y].

Definition 3.1. The module Ber, (R¥*11™) of tensor densities of weight

A eR on R¥*1" is the space of superfunctions C*(R**!1") endowed
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with the action (5) of Vect(R**!1"). One writes for g € C*(R¥*!I"), any

A-tensor density as g| Dx |}L )

In particular, when we consider a contact structure on R2+1n , We can
21+1|n .
define a subspace K(2/ +1|n) of Vect(R ) constituted by the contact

vector fields X » on - Explicitly, we can show that the elements X

are expressed by
| ~—
Xf = faz - E (_l)fTr (DrSTr (f)Ts’ (6)

where ©™ denotes the elements of the matrix (©™) and 7, denotes the

elements of kernel of the standard contact form o on R +!17 (see (1) and

(3)). In this way, we define an action of X ; on C* Ry by
A _ ' 0 mp2l+1|n
Ly (g) = Xy(g) +1f'g. Vg e CT(R ), (7)

and where f'=8.f and (z, x',)',0/), ie[l,1], je[l,n], is the

coordinates system of Darboux. It is clear that

A A A A
L, , L =L =L s
[ S Xg] Xy, X ] Xir, g

where {f, g} is the Lagrange bracket of the superfunctions f'and g.

Definition 3.2. The module .’FX(RN 1) of A-contact densities on
R is the space C™(R**!1") endowed with the action (7) of
K(21 +1|n). One can write any A-contact density as gock , where o is a
contact 1-form on R%*!1" and for an arbitrary superfunction g.

We have the following result.

Proposition 3.3. If the superdimension d = 2l +1— n is different from
—1, then the application
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N 2%
¢:F (M) — Beryy (M): ga” — g| Dx|d+1
d+1

is an isomorphism of K(21 + 1|n)-modules.

Proof. It is clear that ¢ is bijective. We must show that the application

¢ intertwines the action of X, on the spaces fk(R2l+1|") and

Ber 5, (RZH11m e,

d+1
2\

oLy, (ga")) = L4 (o(ga™)). ®)
Indeed, on the space F (R?*11m) " the action of k(2! +1|n) is given by

2divX
£y (eo) = o)+ e = 2,000+ L for )

where div(X )= M# /. The second member of (8) can be written as
2L . 2h

If we apply the isomorphism ¢ to the density given by (9), we obtain (10). [

In particular, if we denote by T RZI’L”", the supertangent sheaf on

R2/+1In , then we can define the application

Xoo Fo®2Hny o rrA : fah s X,

and this application establishes the intertwine of the representations

F (R and TR of k(21 + 11n).

If we denote by Tan the space of all vector fields on

which preserves the contact structure, then we can also show that the space
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TR is the direct sum of two spaces as follows:
TR = TanRY " @ (21 + 1/ ).

The space TanR¥*!U7 is a C®(R**!")-module but is not a Lie
superalgebra and the space K(2/ + 1|n) is not a module but it possesses a

structure of Lie superalgebra.

4. Module of Differential Operators on R+ n

We begin here by the classical definitions of differential operators

between the spaces of densities.

Definition 4.1. If we denote by (¢) = (z, x', ¥/, 0/) (ie[L 1], je
[, n]) the coordinates system of Darboux on R**!” we call the

differential operator D of order k on , the application which maps

F; (R211m) 1o ]—"H(IRZIJrl ™). Tt is written in coordinates by

A
D : = E D;o H
fau 1 qlf ar,
I 1<k

where I = (i, iy, ..., ipj+,) is a multi-index, | I | = iq + -+ + iy, and Dy

is a superfunction for all /.

More explicitly, a differential operator D can be written in coordinates by

D Dp(0)0(0y )1 . (05, 1By, )11 ... (8, )2 (Dg, V2141 ... (B, )2l m.
I I |<k

(11)
Because 6(29. = 0, the exponents iy;,1, ..., ipj+, in the expression (11) are
1

atmost equal to 1.
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The differential operators of order 0 are simply the multiplication by

(n — 1)-densities. We define the space of differential operators as follows:
o0
21+1 k 21+1
Dy (R = D, (™),
k=0
If De DM(RZHH") and X € K(2/ +1|n), then the action of X on
Dy (R**11M) s defined by the Lie derivative £ via the following
supercommutator:
4D =1 oD (-1)PDo Ik, (12)
where L and L'y are defined by (7). We have thus a K(2/ + 1|n)-module
structure on the space DKM(RZIH | ).

Remark 4.2. The construction given above can be done with the

representations Ber (RZ™1!") and BerM(RZIH'”) of Vect(R?*11™). we

obtain the representation of Vect(]RZIH'”) on the space of differential
operators and it induces the representation of K(2/ + 1|n). Proposition 3.3
allows us to show that these representations of K(2/ + 1|n) are isomorphic,

modulo a change of an adequate weight.

5. Canonical Filtration of DM(RZIH | ™

Firstly, we show that the space DM(Ry *1I7) has the canonical
filtration. Secondly, we show that the action of K(2/+1|n) on

DM(RNHM ) induces an action on the associated graded space

S 5(R21 *117) that we call the space of symbols on R**!1”. The subspaces

D&u(Rzl+1 ™) are stable under the action of K(2/ + 1|n).
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Proposition 5.1. If X e DI{H(RZHH") and X € K(21 +1|n), then
LY (D) e DY, (RYH™),

Proof. We compute the terms of order & +1 in the expression of

57}‘ (D). Because of definition of the action of X, we must evaluate the terms

of order k£ +1 of L*)l( oD and Do L}}(. We remark that these terms are

identical. Therefore, E}}? (D) is a differential operator of order . O
It is easy to see that the following inclusions are immediate:

DQM(RZHIM) - D&M(R”“'”) - D%M(Rzl”'”) ...
- Dﬁl(Rznun) - DIM(Rzlﬂm) S
and, therefore, we deduce that the spaces Da“ (Rz”l | ") define a filtration of
the module of differential operators D;,, (R,

Remark 5.2. If & =, then the space Dy, (R¥*!1") is an associative

and filtered superalgebra by the composition of differential operators. It is

therefore a filtration of algebra, i.e.,

We can now define the graded space which is associated to above

filtration of D%, (R2/+1Im).

Definition 5.3. The space Sj (Rzl *lin ) is called the space of principal
symbols of order k defined by
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We define on Déﬁu (RZI +1| ") the following surjective application oy, :
o : D (R 5 SERY M) . D s [D], (13)
where [D] means the equivalence class of D.

The action L% of K(2/ +1|n) on SE(R?*11") is induced by the action
of K(2/ +1|n) on D§,(R¥*!I"), ie. if § =[D], where D is given by the
formula (11), then we have

o A
()= [ 0]

Remark 5.4. The previous constructions are also valid for the

representations of Vect(RZHI‘") if we consider the spaces Ber (Rzlﬂ‘" )

instead of the spaces F; (RzZH'"). The induced representations of
K(21 + 1|n) are isomorphic to those presented here, modulo a change of an

adequate weight.
6. Filtration of Heisenberg of DM(RZI +1|n)

R21+1 | n

If the superspace is endowed with the standard contact form a.,

then the superderivations on COO(RZIH'”) are generated by the field of
Reeb 0, and by the vector fields T, ..., T5;,, € TanR? 1" We can
therefore define another filtration on D; (Rzl *lin ).

Proposition 6.1. If K =(ij, ..., ir;.,) is a multi-index of length

| K| =14 +iy + -+ iy, and if D is a differential operator of order k, then

D can be written in the following unique form:

D> DgdsTk, (14)
K+ K |<k

: . K _ 7j Divn
where D,k is a superfunction and T™ =T" - T\ ".
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Proof. The existence is proven by the decomposition
TR = Tan R @ k(21 + 1)),
and because of the explicit form of vector fields 7;, we prove that the form is
unique. O
Definition 6.2. A differential operator D of the form (14) is called to be

of an order of Heisenberg equal to d if ¢ + %| K| < d forall ¢, K. We denote

by Hfu (RZI *lin ) the space of differential operators of order of Heisenberg
equal to d on R¥ 117,

We can see that this space of differential operators is therefore filtered by

the order of Heisenberg. Indeed, the total space H;,, (}RyH'” ) is the union

of the spaces H%H(RZI’L”"), ie.,

de%N

1
d+=
Because ’H%H(Rzlﬂ‘") < Hyy 2R¥*UM) we have the following
inclusions:

1

1
d+=
T H%M(RZH—IM) c H}\’MZ(Rzl-Flll’l) —
1
for all d EEN.

Definition 6.3. The graded space associated to the space H%H (]RZI +1|”)

is denoted by Pg(Rle'n ). We have
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1
d——

deEN d G%N

15)
where 0 = p — A.

The canonical projection defines the application ko called Heisenberg

symbol map as follows:

ho : HY, (M) - PE(M): D [D],
where [D] means the equivalence class of D in the quotient H%u (R Hmy

d 1
T 2+l
Ha 2 (R,

7. Bifiltration of D;, (R?*11") and the Associated

Bigraded Space ZS (R2+Hm)

In this section, we show that the canonical filtration and the filtration of
Heisenberg induce a particular filtration called bifiltration of D, (R2]+1|” ).

We generalize in super case, the model used by Conley and Ovsienko in [3]

in the even case.

Definition 7.1. We define a bifiltration on Dy, (RZHH") by
Dl}iild (R21+1|n) — ,Déiu (R21+1|n) N H%u (R21+1|n )

The bigraded space 26 (R¥*1™)  associated to the bifiltration

Df;j (R¥*117Y is defined by



38 Aboubacar Nibirantiza

ZS(Rzm\n): é ® Zlg,d(Rznun)

k=0 , 1
dezN

1
k,d k-1,d k.d—
N

e

:()d

B

-@

The elements of ZS (R¥+117 are called fine symbols.

We define accordingly the fine symbol map by

k,d rmp21+1 kid o 21+1
fora Dyt @) 5 3 T ®2HIM) D s (D],

where the bracket means the equivalence class of D in Dﬁld (RZZH'")/

1
k,d——
(Di;l’d(RyH'”) + Dy, 2(R¥*1™)). To justify the terminology of fine

symbol, we refer to [3].

Remark 7.2. By the definition of action, the applications foc; 4 and o

are K(2/ + 1|n) -equivariant, i.e.,

Li;.}s © Gy =Op © ﬁ}}?f on D}%“(Rzl-’—l'n)

and

5,3 A kyd mp21+1
LXf ° fOk q = fOk,a Oﬁ;?f on Dj 1 (R Him),

S, 5,2 . : o 20+1
where L Xy and L X/ denote, respectively, the actions L X/ on S(R*'* ‘”)

13 2[+1
and LXf on S(R2+11m),
We have thus the following main result.

Proposition 7.3. The action of K(2[ + 1|n) preserves the filtrations of

2[+1 2[+1 k,d 2[+1
Dy (R, 1, (R and D (R,
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Proof. We must verify that the form of differential operator defined
by the formulae (14) is not modified by the action of /C(2/ + 1|n). Therefore,

we consider a differential operator D of order k and compute Eﬁ?f (D) as
follows:
! ~5 ’
13 (D) = (X; +uf)D = (/P DXy + ")
=[X s, D]+ Dy,

where D = uf’D—(—l)kaD.f’. We can see that the term Dj is a

differential operator of the same order as D. Because of

(X, 7] € (T, s Toggn)s
the term [X 1 D] is a differential operator of order k. Therefore, the
filtrations of DM(RZZH"’), H;LH(RZIH'”) and D;i;td(]Rz”H”) are

preserved by the canonical action of X /. O
The action of X(2/ +1|n) on the space qu(Rzl 117} induces the
structure of K(2/ + 1|n)-module on P (R*1™) 1f L}ff denotes the

action of X, on Pg(RZHH”) and [D] e P¢(R**1I™), then we can see

that

L;}f [D] = [c@ng].

8. spo(2/ + 2|n)-modules on Spaces S;, Ps and Xg

In this section, we consider the Lie sub-superalgebra spo(2/ + 2|n)

of K(2/ +1|n) constituted by the contact vector fields X  Wwhose
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superfunctions f are of degree atmost two. We show that the spo(2/ + 2|n)-

modules on spaces of differential operators D, (]RZI“'”), Hop (RZI +1|n)
and D;ihd (R2]+1|”) are induced on the symbol spaces ,58(]1{21Jr 1|”)’

Ps (R and ZB (R¥+11") We give the explicit formulas of those
actions. To facilitate the computations, we use the symbolical notations by
defining the isomorphisms between the spaces S S(RZIH'") and

Ps(R? ") and some subspaces of the space Fg ® Pol(T* R 11" (see

also [3] in the even case). Therefore, we deduce the form of the elements of

Igsd (R2l+l‘l’l)

First, we denote by &, the moment associated to the vector fields 0,
and by &, the moment associated to the vector fields 7,. We obtain the

following isomorphism:

SR = (@Pefe! e +| 1] = k), (17)
where I = (i, ..., iy;,,) is a multi-index of length | 7 | =& + -+ + iy;,, and
e =gl g

Denoting the isomorphism defined by the formula (17) by ¢ and using
(14), we obtain

) iy iy k=120 +1|n Sgcell gl
o: Y DT Tl + DY (R b Dya®gog) ... &5/t
c, I c, 1
c+ I |<k e+ 1 |=k

(18)
From now, we represent &, by C and the notation &; means the unified

notation of the moments o;, B; and y;. The notation 7; (see the formula
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(3)) means the unified notation of vector fields:

4; =0, +i0;, B;=-0, +x0,, D; = ¢, — ;0. (19)
If the multi-indexes I, J, T are, respectively, given by I = (i, iy, ..., if),
J =(jis jos - jy) and T = (1, t5, ..., t,), then the quantities Alil -'-Alil,

Blj1 Blj’ and 5{1 ..Dln are represented by A", B/ and DT,
respectively. We represent by K the multi-index (/, J, T) and by |K |, ||,
| /| and | T'| their lengths, respectively.

The space Pgd (R2]+1|”) defined by the formula (15) is isomorphic to

the subspace of Fg ® Pol(T *RZZH'"). More precisely, we have
2041 IpJ.,T 1
PERY M) = (Dc,KOLSCCOt By, e +§|K |=d)

for all ¢, 1, J, K and this isomorphism is explicitly given by

1
_ pa
Q: Z Dc,KaiA]BJDT +H,;, “2 (R21+”") > Z DC,KOLSQCOL]BJ'YT.
c, K c, K
c+3| K |<d c+3|K |=d
(20)

In the same way, can see that the space Zg’d(RZHIM) is also isomorphic to

the subspace of F5 ® Pol(T*Rﬂ”'”). We have
kd o 2141|ny 8yc InJ.T 1
26 (R )= DC’KU,COLB’Y,C+§|K|=d,c+|K|=k,

and more explicitly,
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1

il <
c+2\K\_d
cH K |<k

Src InJ, T
> Y D ga’lalply
c, K
c+a| K |=d
cH K |=k

It is now possible to write the space Py (Rzl *lin ) as a direct sum of the

spaces ZB (R4 as follows:

1
1 (R n)/Hd_E(RﬂHIn)
N

d

-

_ Zk d Ry, @1

k=d
de 2N [4]
where [x|:=inf{n e N:n > x}.
We recall that if D e Hi“(RZHH” ) and if X, is the contact vector

field, then the Lie derivative in the direction of X £ denoted by Lgf D, is

given by
(L D))= Ly, (D)~ (1 DLy v).

which is an element of Hf,“(Rle‘"), due to the fact that the action

of X, preserves TanR2 17, Therefore, the canonical action of X,

preserves the bifiltered space Dk d (]RZZJrl | ).
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If we consider the Lie sub-superalgebra spo(2/ + 2|n) of K(2I +1|n)
constituted by the contact vector fields X , whose superfunctions f are of
degrees atmost two, then we can see that the action of contact vector fields

Xy on H%’H(RZZ“'”) and Di’ﬁ(R21+l‘") induces the spo(2/ + 2|n)-
actions on the spaces Pgl (RzHH") and Z]g’d (Rz”lln).

The following theorem gives the explicit formulas of the actions of the

Lie superalgebra spo(2/ + 2|n) on the spaces Sg(RQl”'”), Pg(RZHH”)

and on the fine symbol space ZB (R +HIm),

Theorem 8.1. If X, € spo(2/ + 2|n) and if we denote by LZf (resp.
Lif, L‘)S(f) the actions of X, on Ps(RFHU™)  (resp. (R HIM);
S 5(R21 ™)) then these actions are given by

(1)
1 —
By, = f0: + ()@ =€) =5 ()T o T,(NT,
1 HT+T
+ 5 () TP TTL (g e, (22)

(ii) Lf(f = L§(f,

(iif)
S b L /T :
L5, =y, + 5 (Yo T()g0, (23)

where the notation & denotes the Euler operator O and the notations 0,

and T; denote the action of the vector fields 0, and T; on the coefficients of

the symbol.
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2/+1 2[+1 21+1
Proof. The spaces Y (R“'" ) = USERZB(R iy - pw2Hny =
2/+1 2[+1 2/+1
U8€R Ps(RZHM) and SR = U86R85(R 17y are actually
algebras for the canonical product of symbols. We can consider the operators
> P =S : . 20+1|n 20+1|n
L, , L and L acting, respectively, on R , P(R
X, Ly, X, g, Tesp y, on Y ( ), P( )
and S(R¥*!")  whose restrictions on the spaces 25 (R2+1my,

Ps(RH17) and Ss(RZ*1™) are given by 12 , I[P and LS for all

8( ) 5( ) g y Xy Xy
FEFP 7S ivati

0 € R. The operators L Xy L X/ and L X, are actually derivations of the

spaces Z(R2]+1|”), PR and S(R¥*™). We can compute the

actions Lif and L‘)S(f on the generators (, &; and goc6 of the spaces
D.5(M) and S5(M).

If the application of Lif and L‘)S(f on those generators coincides with

the actions of the second members of equations (22) and (23) on the same
generators, then due to the fact that the right members of those equations are

the derivation operators, equations (22) and (23) hold.

From the isomorphism ¢ defined by (20), we compute the operators

Lif and L‘)S‘(f on the generators C, &; and goc8 of the spaces 26 (M) and
Ss(M) by using, respectively, the Lie derivative of differential operators
0,, T; and gocs.

We obtain

2 (1) = [Xp T]+ 817,

= [/, 1+ 8T~ 3 (- T o (- (1, T,(/)7;)
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= (Y510, + 37,
1 T.+T)f T(T,+f
+ 5 (DI & (@, ()T + () D0, 7).

Since the commutator [7}, 7] is equal to —2w;0. , using the isomorphism ¢

given by (20), we obtain
/ 1 f(T.+T;
5 @) = (31 + 5/ TR (e, JE). 4
Computing Lif (0, ) and using the isomorphism ¢ given by (20), we obtain

Ly (€)= G- /1), (25)
and finally the same condition
By (g0) = 0. + 8710~ ()T S LT, (o) 20

We can see that if we restrict the formula (22) to the generators 7;, 0,

and gocs, then we obtain, respectively, formulas (24), (25) and (26). The

proof is similar. O

Remark 8.2. The spaces of symbols Sg(R**1!™), Ps(R**11") and
ZS (R +11") are spo(2! + 2|n)-modules.
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