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Abstract

We investigate the first cohomology space associated with the embedding of the
Lie superalgebra IC(2) of contact vector fields on the (1,2)-dimensional supercircle S*I2
in the Lie superalgebra SUDO(S'?) of superpseudodifferential operators with smooth
coefficients. Following Ovsienko and Roger, we show that this space is ten-dimensional
with only even cocycles and we give explicit expressions of the basis cocycles.

1 Introduction

V. Ovsienko and C. Roger [5] calculated the space H!(Vect(S!), ¥DO(S)), where Vect(S?!)
is the Lie algebra of smooth vector fields on the circle S* and ¥DO(S?) is the space of pseu-
dodifferential operators with smooth coefficients. The action is given by the natural embed-
ding of Vect(S') in UDO(S!). They used the results of D. B. Fuchs [3] on the cohomology
of Vect(S!) with coefficients in weighted densities to determine the cohomology with coef-
ficients in the graded module Gr(¥DO(S1)), namely H!(Vect(S!), GrP(¥DO(S'))); here
GrP(UDO(SY)) is isomorphic, as Vect(S!)-module, to the space of weighted densities F,
of weight —p on S!. To compute H'(Vect(S'), WDO(S')), V. Ovsienko and C. Roger
applied the theory of spectral sequences to a filtered module over a Lie algebra.

In a recent paper [2], using the same methods as in the paper [5], two of the authors
computed H'(K(1), STDO(S')), where K(1) is the Lie superalgebra k(1) of contact
vector fields on the supercircle S11' and SETDO(S') is the space of superpseudodifferential
operators on ST,
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Here, we follow again the same methods by V. Ovsienko and C. Roger [5] to calculate
HY(K(2), STDO(5'2)).

The paper ([5]) contains also the classification of polynomial deformations of the natural
embedding of Vect(S!) in UDO(S!). The multi-parameter deformations of the embedding
of K(1) into SYDO(S') are classified in ([4]). Our aim is this classification for the case
Sz,

2 Definitions and Notations

Let S'™ be the supercircle with local coordinates (¢; 61,...,6,), where 8 = (61,...,6,)
are the odd variables. More precisely, let z = €'#, in what follows by S'" we mean the
supermanifold (C*)!", whose underlying is C \ {0}. Any contact structure on S*!" can be
given by the following 1-form:

=1

Let K(n) be the Lie superalgebra of vector fields on S!I” whose Lie action on a,, amounts
to a multiplication by a function. Any element of C(n) is of the form (see [1])

(—1)pU+1

9 ZUz’(F)m,

i=1

vp = Fo, +

where F' € C®°(S'I"), p(F) is the parity of F and 7; = 0p, — 0;0,. The bracket is given by

[UF7 UG] = U{F,G}a
where
(—1)pt+E

5 > ni(F)ni(G).

i=1

{F,G} =FG' - F'G+

The Lie superalgebra K(n) is called the Lie superalgebra of contact vector fields.
The superspace of the supercommutative algebra of superpseudodifferential symbols on
SHn with its natural multiplication is spanned by the series

SP(n) = {A = > ag. (z,0)E7F0 05|y, . € C(STM); =0, 1; M € N},
k=—M e=(e1,...,en)

where ¢ corresponds to 8, and 6; corresponds to dp, (p(#;) = 1). The space SP(n) has a
structure of the Poisson Lie superalgebra given by the following bracket:

(4 B} = 9(A)a(B) 09(A)a(B) e Z <a(§?) a;g) N d(A) 8(B)>'
i=1 ! v

06 dr  Or ¢ 00, 00;
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The associative superalgebra of superpseudodifferential operators S\I/D(’)(Sl‘”) on Sin
has the same underlying vector space as SP(n), but the multiplication is now defined by
the following rule:

—1)P(A)+1 o o
AoB= > %(6589;14)(8333923).
a>0,v;=0,1 )

This composition rule induces the supercommutator defined by:

[A, Bl]=AoB — (—1)PAPBIR, 4,

3 The space of weighted densities on S

Recall the definition of the Vect(S')-module of weighted densities on S!. Consider the
I-parameter action of Vect(S') on C*°(S!) given by

Ly (o(f(2)) = X(2)f'(x) + AX'(2) f (),

where f € C*(S') and A € R. Denote Fy the Vect(S!)-module structure on C*°(S?!)
defined by this action. Note that the adjoint Vect(S!)-module is isomorphic to F_;. Ge-
ometrically, Fy is the space of weighted densities of weight A\ on S, i.e., the set of all
expressions: f(x)(dz)®, where f € C*°(S'). We have analogous definition of weighted
densities in the supercase (see [2]) with dz replaced by «,.

Consider the 1-parameter action of K(n) on C*°(S") given by the rule:

A
£,.(G) =vp(G) + AF' -G, (3.1)
where F, G € C®(S'"), F’ = 9,F. We denote this K(1)-module by ¥, and the K(2)-

module by §x. Geometrically, the space § is the space of all weighted densities on S*I2
of weight A:

¢ = f(x,0)ay, f(x,0) e C®(SP). (3.2)

Remarks 3.1. 1) The adjoint K(2)-module is isomorphic to §_1. This isomorphism
induces a contact bracket on C=(S?) given by:

_1)p)+1 2
CU " S Py (). (33)
=1

{F,G} =£,}(G) =FG - F'G+

2) As a Vect(S')-module, the space of weighted densities §y is isomorphic to
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4 The structure of SP(2) as a K£(2)-module
The natural embedding of K(2) into SP(2) defined by
(—1)pE)+1 2

92 ZUZ(F)CYJ Where, CZ = 9_1 - 9@55 (41)

i=1

m(vr) = FE+

induces a K(2)-module structure on SP(2).
Setting degx = degf; = 0, degé = degf; =1 for all i, we endow the Poisson superal-
gebra SP(2) with a Z-grading:

SP2) =P, _,5Pn: (4.2)
where énEZ = (Do) B Il,0 and

SP, = {F,g—" L GET F HE Ty TE2000, | FL G, H, T e 000(51‘2)}
is the homogeneous subspace of degree —n. Each element of SUDO(S?) can be expressed

as

A= Z(Fk + Gr& 00+ Hi& 0y + Tt 2010,)¢ 7",
keZ

where Fy,, Gy, Hy, T} € COO(SI‘Q). We define the order of A to be
ord(A) = sup{k | Fx # 0 or Gy # 0 or H, # 0 or T}, # 0}.

This definition of order equips SYDO(S 1|2) with a decreasing filtration as follows: set
F, = {A € STDO(5'?), ord(A) < —n},

where n € Z. So one has
..CF, i CcF,C... (4.3)

This filtration is compatible with the multiplication and the Poisson bracket, that is, for
A€F, and B € Fy,, one has Ao B € F,,1,,, and {A, B} € Fj,,,,—1. This filtration makes
SUDO(S'?) an associative filtered superalgebra. Consider the associated graded space

Gr(SUDO(S5'?)) = @nezF" JFpi1.

The filtration (4.3) is also compatible with the natural action of K(2) on SUYDO(S'?).
Indeed, if vp € K£(2) and A € F,,, then

?)F(A) = [?)F,A] S Fn.
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The induced K(2)-module on the quotient F,, /F,, 11 is isomorphic to the K(2)-module SP,,.
Therefore, the K(2)-module Gr(SYDO(S'1?)), is isomorphic to the graded K(2)-module
SP(2), that is

Sixz)gzgfanean/Fn+L

Recall that a C* function on S has the form F = fo + f10 + fo0 + f120102 with
fos f1, f2, fi2 € C®(S') and a C* function on Sil'l(i = 1,2), where Sim is the supercircle
with local coordinates (¢, 6;), has the form F = fo + fi0; (fi2 = fs—i = 0) with fo, f; €
C>(SY). Then the Lie superalgebra K(2) has two subsuperalgebras K(1); for i = 1, 2
isomorphic to K(1) defined by

_1p@E)+L 2
C S | Fecxsih)

%
=1

Kﬂ%:%m:F®+

Therefore, SP(2) and §) are K(1);-modules.
For i = 1,2, let % be the K(1);-module of weighted densities of weight A on s

P
Proposition 4.1. 1) As a K(1);-module, i = 1, 2, we have

Spn =~ 371 @ H(3n+% @b 371-}—%) @b 371-}—1 fO?" n= 07 —1.

2) Forn #0,—1:

a) The following subspace of SP,, :

(n,3) ) —n—1 1 —n—2

B = F0s_,05_; +03_;(n3—; — 5m; ) (F) G (3

5Py s { P 3-if3i§ 3-i(73 ol )(F)Ci¢3—i& | } (4.4)
F e C>®(5'2)

is a K(1);- module, i = 1,2, isomorphic to Fn41.
b) As a K(1);-module we have

SPp/SPn, i =~ Fn @ H(gnJr% S §n+%), i=1,2.

Proof. First, note that for n =0, — 1, the £(1);-module SP,, with the grading (4.2) is
the direct sum of four K(1);-modules, i = 1, 2.
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For n = 0, the four K(1);-modules are

SPooy = {ARV=F| Fec=(s)},
(0, 3, 9) 7oe—1
Ap = 0,F —(1—205_;0p, ,)(F)0:;& " —
SP, 1) = 03—i0p,(F)03_;&1 + F'03_:0,03_,672| ¢
\ F € C>(5'12)
( ~(07 %7 Z) n —1
Ap = 0;(Opy_, — 20p, +203-:0p, ,0p,)(F)03-i§" +
5 $BF — (=PI F)h3 67 +
57)(07 %7 z) = P o L
(_1)p( )(39372' - 692' + 9ia$)(F)6i63—i§ ’
F € C=(S'12)
o ) A%O’ D= FOy 0 &+ 03 i(ngi — 0 (F)GG—i 2|
b 17 i - .
O 19 F e 0=(5'2)

For n = —1, the four K(1);-modules are

_ _yp(F)+1
SP_1,00 = {A% b0 = Fe oy %(m(F)Cl +772(F)C2> | Fe COO(SI|2)} ,
-1, 17 i _
SP_y 14y = AEU 29 F¢ — (05-m; + 0:0p,_,)(F)03—; —
nE (—1)p(F)893_i(F)§i§3,i£_1 | F e 000(5”2)

~(—1. L 4 _
SPa, L0 = {A; B FG+ (1 —03-mi)(F)05-; | F e C‘X’(Sl?)},
(45210 = ot |
F e 0=(5'?)

The action of K(1); on 8P, o) and on SP(, 1 4 for n = 0, — 1 is induced by the
embedding (4.1) as follows

vG A;:L’ 0 — {71'(1)0), A;:L’ 0)} nd ek A;?’ L) {W(Ug), A;?’ L i)}
_ A(n, 0) _ A(n, 1,4)
= Ang(F) - A22§1(F)’

where F € C*®(S'?) and G € COO(SHI). Therefore, the natural maps

(2

Lo 8n — SPu, o Yot Snr — SPu, 1,
0 an L (4.5)
F()ég Agly ) F()ég+1 Agly , 1)

provide us with isomorphisms of K(1);-modules, i =1, 2.
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The action of (1); on SP, 1) and on :9\75(717 1) forn =0, —1 is given by

n, %, n, 1,4 ~n. L ~(n. L1

v - AL Y =={ﬂ<vc),z4§~ ? )} v - A 2 Y ::{n(vg),l4;’2’ )}
_ (n’ %’ Z) and A"(n, %7 Z)
i ~ Pty

where F € C*®(S'?) and G € COO(S-1|1). Therefore, the natural maps

(2

T,Z); 1 H(gn l) — SP n, 1 4 Tzz)l 1t H(%’n l) — SP n, 1 4
L) n—:’lQ (n( ’12;) ) and n, 3 —:;2 N ( i 2'7) ) (46)
H(Fa2 ) AF7 > H(Foz; ) — A;?’ PR

provide us with isomorphisms of /C(1);-modules.
Second, for n # 0, — 1, the action of K(1); on SP,, ; is given by

(n, i) (n,9) | _ pln, i)
ve - BV = {(va), B }_B%ﬁm,

where F € C*®(5'?) and G ¢ COO(Sm). Therefore, SP,,, ; ~ Fn41 as a K(1);-module.

)

The induced K(1);-module on the quotient SP,,/SP,, ; has the direct sum decomposition

of the three K(1);- modules, SP,, o 4, SP(m 1) and 3\75(”7 1y defined by
n, 01 n —1)p(F) n—
A% 00 = Fe 4 ¢ 1); (2,;193477372477@- —m)(F)GE™ ™ +
(863_,' + gZﬁHiaes_iaei)(F)és—iﬁ_"_l +
SPum, 04 = X - )
gt L (03} + ninz—i) (F)03_i0,6 "2 |
F e C=(S'?) )
n, 1, 7 o
A;“ o = (93*1'893—1' - 1)(F)<z£ n-l +
&'S”P(n7 %, ) = T{H(nei@g,iam — Hgfiagi)(F)éggfif_n_l + 5
gL 030,05 £ "% F € C(5'?)
F 300 (F) n —n
Ap = (=1)P"03i(1 + 0:0p,_, — 5,570i00,) (F)E +
_ (03-i00;_; — sg03—ini) (F)0:6 "1 +
P, 1.0) = i
(1P (03305 + n3—i) (F) G362 |
F € C=(S'12)

Vs

The action of K(1); on SPy,, ; ; and on 3\73(”7 1) is induced by the the action of K(1);
on SP,/SP,, i and a direct computation shows that one has:

n, J, ¢ n, j, i . 1 ~(n, L, ~(n, 1,4

vg-A%’]’ b A 2D gy j=0, 3 and vg-A;’ 2 ):A( 20 )

n+j 1
'QUG (F) 'ng 2 (F)

)
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where F € C*®(S'2) and G € C'C’O(S1|1

."),i =1,2. Therefore, the natural maps

721, 0 : gn — (97)(”7 0, Z) ¢n7 % : H(%’n+%) — ‘973(”7 %, Z)
n (n, 0, 1) ’ n—l—% (n, %, 7)
Fay— Ap M(Fay ) — A

G T@ps) — SP 1
and "2 +12 R
n+3 ~(n

13
I(Fa, 2) +—— AF’Q’)

provide us with isomorphisms of K(1);-modules. This completes the proof.

5 The first cohomology space H'(K(2),SP(2))

Let us first recall some fundamental concepts from cohomology theory ([3]). Let g = go@ g1
be a Lie superalgebra acting on a super vector space V =V @ V;. The space Hom(g, V)
is Zo-graded via

Hom(ga V)b - @GEZQHOm(g(M Va+b); be ZZ- (51)

According to the Zs-grading (5.1), each ¢ € Z'(g, V), is broken to (¢, ¢") € Hom(gg, V) @
Hom(gy, V') subject to the following three equations:

(Env) d([g1,92]) — 91.¢(92) + 92.d (1) = 0 forany gi1,92 € go,
(E9) d"([g,h]) — g.c"(h) + h.c'(g9) = 0 forany g€go,heg, (52)

(E3) C,([hl, hg]) — hlcﬂ(hz) — hQC”(hl) = 0 for any hl, ho € g1.

Proposition 5.1. 1)

R3  if A=0,
H (KW)u3 o~ R if A=1,
0 otherwise .

The respective nontrivial 1-cocycles are

Co(vr) = 3(31‘7 +(=1)PIIF), Cy(vp) = F', Covr) = ni(F")0s-; if A=0,
(5.3)

Cs(vr) = 7;(F")03—; ifA=1,

where 7; = O, + 0,0, v € K(1); and F = fy + fib;.
2)

0 otherwise.
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It is spanned by the following 1-cocycles:

CﬂwﬂziBF+t4Vwﬁw&% Cs(vp) = F'f5_; if A=—13,
Co(vr) = i (F") ifa=1 (5.4)
Cr(vr) = i (F") if A= 3.

To prove Proposition 5.1, we need the following result (see [2]).

Proposition 5.2. [2]
1) The space HY(K(1);,S%)0,i = 1,2, has the following structure:

N{ R?  ifA=0,

HY(K
(K otherwise.

The space H*(K(1);,3)o is generated by the cohomology classes of the 1-cocycles
1 (F) /
co(vp) = Z(?)F + (=1)PYF) and ci(vp) = F". (5.5)
2)
; R if A=
1 Q) ~ 2’ 2’
HE (KL, $3)1 = { 0  otherwise.
It is spanned by the nontrivial 1-cocycles
co(vp) = i(F')  ifA=3
Cg(UF) = ﬁi(Fl/) if)\ = %

Proof of Proposition 5.1: Let Fozg‘ = (fo+ f101 + f202 + f129192)0z§‘ € §x. The map

(5.6)

P: Fn — a9 03\+
A3
FO‘%\ L ((1 - 93*1'693—1')(51)04{\,% (_1)p(F)+1803—i( )al )i 2)’
where oy ; = dx + 0;d0;,i = 1,2, provides us with an isomorphism of K(1);-modules. This
map induces the following isomorphism between cohomology spaces:

HY (K1), 32) = H' (K(1)i, S5 @ H (K1), S,1)-

2

We deduce from this isomorphism and Proposition 5.2, the 1-cocycles (5.3-5.4). U
The space H(K(2), SP(2)) inherits the grading (4.2) of SP(2), so it suffices to compute
it in each degree. The main result of this section is the following.

Theorem 5.3. The space H'(K(2), SP,) is purely even. It has the following structure:

R if n=—
RS if n=0
R if n=1
0 otherwise .

H'(K(2),8Py) =~
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For n = —1, the nontrivial 1-cocycles are:
Ti(ve) = mm(F)E e,
To(vp) = F'E'0¢,
1 _
To(wr) = (70F+ (DPOF) 4 am (F0102) )€ o,

For n =0, the nontrivial 1-cocycles are:

1
= J(F+ ()" OIF) + g (F6162),

T4(vp)
T5(vr) ;
Te(vr) = mn(F),
Tr(vr) = (=020 ()G + ()G ) e,
(vr)
(vr)

= P20 6 + (—1)PWE) <772(F/)C1 - m(F/)Cz)Fl,
= mn(F)E e,

Tg VR

To(vp

For n =1, the nontrivial 1-cocycle is:

2 _ _ _
Tio(vr) = SF"E°0G + (1P <772(F")C1 - 771(F")C2>§ 2 2mmp(F)E
To prove Theorem 5.3, we need first to proof the following lemma:

Lemma 5.4. Let C be a even (resp. odd) 1-cocycle from K(2) to SP,, n € Z. If its
restriction to K(1); and to IC(1)g is a coboundary, then C' is a coboundary.

Proof. Let C be a even (resp. odd) 1-cocycle of K(2) with coefficients in SP,, such that
its restriction to K(1); and to K(1)2 is a coboundary. Using the condition of a 1-cocycle,
we prove that there exists G € SP,, such that

C(UfOJrfi@i) = {UfOJrfigi s G} for any fo, fZ < COO(SI) and 7 = 1, 2
and

C(vf129192) = {vf129192 ) G} for any f12 € COO(SI)-

We deduce that C(vg) = {vg , G}, for any F' € C*(S'?), and therefore C is a coboundary
of K(2). O

Proof of Theorem 5.3 : According to Lemma 5.4, the restriction of any nontrivial 1-cocycle
of K£(2) with coefficients in SP,, to K(1); or to (1) is a nontrivial 1-cocycle.
Using Proposition 4.1 and Proposition 5.1, we obtain:

R” ifn=-1

1 - ~Y
H(K(1)i, §Pn) = { RS ifn=0.
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In the case n = —1, the space H'(K(1);, SP_1) is spanned by the following 1-cocyles:

Bi(vr) =4y 1 (Cilvr)), 1=0, 1, 2,
Ailvr) =92, 1 (I(Calvr))),
Bi(vr) = ¥" | 1 (IL(Ca(vr))),
Bi(vp) = W_L %(H(CS(UF)))7
Bi(vr) = 9" | 1 (IL(C5(vr)))-

In the case n = 0, the space H'(K(1);,SPp) is spanned by the following 1-cocyle:

ﬁli+6(vF) = w(z], O(Cl(UF))v 1=0,1, 2,
B(vr) =15, 1(Cs(vr))
ﬁio(UF) = 7/167

E%O(UF) = 7/127

where the cocycles Cy, - - - , Cg are defined by the formulae (5.3)—(5.4) and 1%7 i 1;%7 ; are
as in (4.5)—(4.6).

According to the same propositions, we obtain H!(K(1);, 8Py, /SPy, ;) and HY(K(1);, 8Py, )
for n # 0,—1 and i = 1, 2. By direct computations, one can now deduce H'(K(1);, SP,).

Second, note that any nontrivial 1-cocycle of K(2) with coefficients in SP,, should retain
the following general form: T = YO+ T+ Y2+ 713 where T? : Vect(S!) — SP,, Y1, T2
J"i% — SP,, and Y3 : Fy — SP, are linear maps. The space H'(K(1);,8P,),i =1, 2,
determines the linear maps Y%, T! and Y2. The 1-cocycle conditions determines Y3. More
precisely, we get:

For n = —1, the space H'(K(2),SP_1) is generated by the nontrivial cocycles T1, Yo
and T3 corresponding to the cocycles (33, Bé and %, respectively, via their restrictions
to ’C(l)l

For n = 0, the space H'(K(2), SPp) is spanned by the nontrivial cocycles Y4, Y5, T, :IV"7,
Tg and Yy corresponding to the cocycles 3, 3%, Bi, Bio, Bfo and [3}, respectively, via
their restrictions to IC(1);, where T;=7"7;+ Yo and Ts = Ys + Y.

Finally, for n = 1, the space H'(K(2),SP;) is generated by the nontrivial cocycle Y1
corresponding to the cocycle WL 0(C3(vp)) with 1/)%7 o as in (4.7) via its restriction to K(1);.

Theorem 5.3 is proved. O

6 The space H'(K(2), SUDO(S'?))

6.1 The spectral sequence for a filtered module over a Lie (super)algebra

The reader should refer to [6], for the details of the homological algebra used to construct
spectral sequences. We will merely quote the results for a filtered module M with decreas-
ing filtration {M, },cz over a Lie (super)algebra g so that M, 1 C M, Upecz M, = M
and gM,, C M, .
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Consider the natural filtration induced on the space of cochains by setting:
F(C*(g, M)) =C"(g, My),
then we have:

dF"(C*(g, M)) C F*(C*(g, M)) (i.e., the filtration is preserved by d);
FtY(C*(g, M)) C F™"(C*(g, M)) (i.e. the filtration is decreasing).

Then there is a spectral sequence (E,"*,d,) for r € N with d,. of degree (r,1 —r) and
ER? = FP(CP*i(g, M))/FPTH(CPT9(g, M)) and ED? = HP'(g, Grad?(M)).
To simplify the notations, we have to replace F"(C*(g, M)) by F"C*. We define

ZP1 = FPCPTa ﬂ d (FPrroptatly,
BP = Jadelax ﬂ d(prrcerQ*l)’
Bpt = 20 )(Z750 + B,

The differential d maps Z2? into ZP™™97"*1 and hence includes a homomorphism
d, : Ef’q _ Ef‘i’?‘,qff"i’l

The spectral sequence converges to H*(C,d), that is
EPA ~ Fp]rlan(c7 d)/Fp+1Hp+q(C, d),

where FPH*(C,d) is the image of the map H*(FPC,d) — H*(C,d) induced by the inclu-
sion FPC — C.

6.2 Computing H'(K(2), STDO(S'?))

Now we can check the behavior of the cocycles T, ..., T1o under the successive differentials
of the spectral sequence. Cocycles T1, To and Y3 belong to Efl’Q, cocycles Yy4,..., Y9
belong to E?’l and cocycle Y1 belongs to Ell’o. Consider a cocycle in SP(2), but compute
its differential as if it were with values in SETDO(S 1|2) and keep the symbolic part of the
result. This gives a new cocycle of degree equal to the degree of the previous one plus
one, and its class will represent its image under di. The higher order differentials d, can
be calculated by iteration of this procedure, the space EFT" %" contains the subspace
coming from HPTIT1(K(2); GradP™H(STDO(S'?))).

It is now easy to see that the cocycles Y1,...,Tg will survive in the same form. Com-
puting supplementary higher order terms for the other cocycles, we obtain
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Theorem 6.1. The space H'(K(2),SUDO(S?)) is purely even. It is spanned by the
classes of the following nontrivial 1-cocycles

O1(vr) = mm(F)E G,

Os(vr) =  F'E€101¢,

Osvr) = (F(F + (-0 OFE) i (F002)) €06

Osvr) = 3 (F+ (1 OFE) 4 oy (For6),

Os(vr) = F,

O6(vr) = 77010772(1‘7%

O7(vp) = %%(m(ﬂ"m)ﬁ +a(FT )G >§ "y
Yoo S P

Os(vr) = Z(—l) p(F)n (772(F("+1))C1 - ?71(F("+1))C2)§7"71+

n=0
PO G DL Gl Sl CTe e
S (=) (FM)E,
Og(vr) = Y (1) mna(FU )¢ o+
=0
S0y (Pt (g (FOHD)G 4 mp(FOHD) G ) 61
S () P2 emnl

= 2n
_ _1\n+1 n+2) ¢—n—2
O1(vr) = D (-1) — 2F( GGt

3

n=1

Son (1P 2y, (PO emn=lgy+
S (=1)P <F>+"+1 2o (PO e =1+
ZZO:12(—1)"+1771772( (m)yg—n,
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