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SOME TOPICS IN PG-GEOMETRY
SEIICHIRO KAMIYA

WASEDA UNIVERSITY

Our interest is to construct "good"cohomology theories on comp-
lex varieties with singularity. PG-geometry will be the first step
for it. In this not;e we shall formulate relative cohomology theory,
cohomology theory with supports and homology theory, with polynomial
growth condition and discuss their elementary properties and relations
between them. Our discussions are all elementary so we omit the proofs.

Let (X, OX) be a reduced complex space and g:X—»{1 ,+e [ a fun-
ction. A holomorphic function f on an open set UCX is called a PG-

holomorphic function with respect to g (or simply a PG-holomorphic

function) if there exists =(o(l,aC2) € [1,+] X [1,4] such that
]f(x)[go{lgo“2 for all xeU. .
We define a linear subspac’e PG["(U, @X) of @X(U) as the set of
all PG-holomorphic functions on U.
We shall keep in mind following two situations:
(I) X is a smooth affine variety and g(z):=1+}z|.
(IT) Let G be an open set in CN. then XC G is an analytic variety,
D:=V(h) a locus of héf(G) in X such that U:=X\D is smooth, and g(z)
:=|h(2)] ~1.

For simplicity we state only in the case (I).
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§3. Relative PG-cohomology by PG-coverings.
3.1. Relative PG-coverings.
(3.1.0) Let X be a smooth affine variety in CN, Z C X a closed

subvariety and Y := X~Z. Let f\vr(x) be a PG-covering of X, i.Ae.,
Ae(X) '=fﬁ(x)} ‘ for 0= (0O @.) € R*x R*
¢ : ¢ x € X , 2 + T4

T, -
where Byx) = xnfy | Iy - x < (@, (+12)) 371},

(3.1.1) It is called that (Aq(X), ﬁq-(Y)) is a _relative PG-covering
of (X, Y) if Ag(X) = (U,)

)

ieT is a PG-covering of X and A4(Y) =

is a subcovering of Y with I'C I.

i

(U)5 e 1

(3.1.2) Let (Rg(X), Rg(¥)) and(Rp(X), Ap(¥Y)) be two relative PG-

coverings of (X, Y). We define )
Re(x), Be(¥)) < Rp(x), Rp(¥))

as r<p, i.e., r,< p 1 and 0'2<P o7 in other words,
a) for each P € J there exists o € I such that \/ C U«,
b) for each pe J' there exists g0 € I' such that VP C Uy,
N _ A = R '
where Ajp(X) = (Vj)j € J and Ap(Y) (Vj) je g with J' C J.
Then we have a refinement map ¢ : J —>I, B> T(f) =o¢. It defines

a simplicial map

T: Bp(x), 3p (M) — Be(x), Be(M)).
3.2. Relative PG-cohomology with coefficients in structure sheaf@X

(3.2.1) Let (Ag(X), Re(Y)) = ((U;); ¢ 1+ (U;); ¢ p+) be a relative

PG-covering of (X, Y). For any integer p 2 0,
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i )el | 0(Ui i ) is a relative alternative
N 0 ------- ‘- - p (!e,'“ “" ‘Im 0 LT p i
p-cochain with coefficient in if

a) i eeosses 1 = .ve
5 igeeeer iy € Owg, ... ip) O(Uion... nU ip)
b ?. . . ., = =P, , . .
) 10 seese ] eeas l@"‘" 1p 10 .eote ]_P.-. ld .ees 1p
- > 2 seese > 1
c) ’ io ....u.ip =0 if 101 ’ 1p €1'.

The set of relative alternative p-cochains will be denoted by
cPRpx), Bpv) 5 0
o [ ' ’ X

and is an abelian group.

(3.2.2) We define a coboundry operator
§: cPAgx, Ro0) 5 0 —>cP R ), Rp(v) 50

- P (3 A ; -
as follows. If P = @5, ip) € C (Rg(X), Ag(Y) ;04), define

.......

; 5 (-t Irosli

(09 . . 1= ), (=i) res *THTRNY(P, ~ L)

? 10 cesses 1p+l jso v"-wv.‘h‘ ?lo PR 1j ...--lp+l

It is clear that § is a group homomorphism and thét 82 = 0. Thus

we have a relative cochain complex
( CBex), Bp(v) 10, 3.
(3.2.3) We @efine _.CP@Rg(X), Ry(¥) 50y :={9ecP R (x), A (1):@))

d
Jd= (o &,) € [1, +o[ x [1, +o[ such that]|P(x)| <d g 23.

Then

P, Ag (V)i 0y) ) > P L@ x), R, (1) 0

D

P4 A . 6 _ p+l A A .
PGC (Aq'(x) ’ AAfA(Y) ’ 0 X) > PGC (A.—(X) ’ Al"(Y) ’ OX) ‘
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So we have a relative cochain complex (PGC‘(F\¢(X) ,ﬁq(Y);@x) ,8) and

ine:  HP A :0.) : =HP . ALY) ;
define:, HY (Rg(X), A (Y)10,) :=H" (5cC° (R (X) ,ALY) 10,)) .

(3.2.4) Let v:(Rp(x),R,(¥))—> (Ay(X),Ap(Y)) be a simplicial map
associated to a refinement map g :J-»I. Then T induces a morphism'

e

t5cC (Bg(X) ,Ag (V) :0,) —> P (Rp(X),Ap (V) ;0,) ,defined by

Ty = Prgo-mpp OO0 Vrpoweipp ¢
and T¥ commutes with the coboundary operater § . Consequently we have
a homomorphism
p fa A~ N p A a3 R

which is independent of the choice of the refinexﬁent map T

®

(3.2.5) Thus we can define :

P . = P . o=14 P .
sl (X,Y; 0 )=, H (XmodY: @) .—_%;nPGH Rg(x) ,Ag(¥); o)

called p-th relative PG-cohomology group with coefficient in (Dx

3.3. Long exact sequence.

PROPOSITION (3.3.1) Let (X, @x) be a smooth affine variety in CN,

ZCX a closed subvariety,and Y:=X“Z. Then we have a long exact

seguence:

q . 3 d/v. i div. A d g+l . .
—>oH (X, Y5 @) ——» L H (X5 @y) ==, HY (Y5 Oy) ——, B (X,Y; O, —

COROLLARY (3.3.2) Let X,Y be as above. Then we have:

. 0 0 0
(1) 0——=, H (X,Y; D) —> o H (X5 Oy) —> H (Y; 0y) —

1 .
—> i (X, Y ﬁx) ——> 0 is exact.

. +1,o .
(ii) PGHq(Y; @x)= PGHq (xX,Y; 0x) for g=21.
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3.4. Relative PG-cohomology with coefficients in PG-coherent sheaves.
(3.4.1) Let (X,@X),Z,Y be as above. Let (z'i,,(x) ,?\q(Y)) be a relative
PG-covering of (X,Y) and ¥ be a PG-coherent OX-Module. Then we have
a chain of PG-syzygies:

0 __,0;“(1 ]&. 0’;{"-- ktg, e mvema———- __kl.,or)‘;' _...k' @I;(l“ £ F —» 0.
where k;, are PG-morphisms. For any integer gz 0, we have:

0 — cTA ) ,BYY) ;02 ) »->cT A ,A(Y) :05°) > cTAEX) ALY) 1 )20
So we define:
peCT AgX) ALY s F) i=Tmage of (5T Rex) A0 sgp) —> TR A 7).
Then the coboundary operator § induces a homomorphism

0 ¢ pC R (X) A g(¥); ) > o CT T Be A0 F),

and it is clear that 52= 0. Thus we have a relative cochain complex
( pC Re(x),Be(¥);F) , §) and define:

p T Be(x) Apv); F) = HIC L c®Be(x) A (W) 1 %) ).

(3.4.2) Let T :(Rp(X),Ap(Y)) —= (Ao(X),A5(¥)) be a simplicial map
associated to a refinement map g :J—=1I. Then induces a morphism
A ~ A A
T* 1peCTRe (X), R (1) 5 F) —> L CTRp(x) B (¥) : 57)
and commutes with the coboundary operator d . Consequently we have
. S o N
a homomorphism PGHq (Ag(X) Ag(Y); F) —> PGHq (ﬁr (X),8p(Y); F )

which is independent of the choice of the refinement map T .

(3.4.3) Similar to the case of the structure sheaf Ox , we can also

define;

pcH Y (X, Y; F) =) B (Xmody; F) =lin pcH R (x) A (V)5 F) .
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3.5. Long exact seguence.

PROPOSITION (3.5.1) Let (X,@x) be a smooth affine variety in Q‘N,

ZC X a closed sub\}ariety and Y:=X\Z, Let & be a PG-coherent @x-
Module. Then we have a long exact sequence:

oyl ) s w2 H v ) s T (x, v ) s

COROLLARY (3.5.2) Let X,Y # be as above. Then we have:

. 0 . 0,.. 0,,, )
-—“’PGﬂl(X,Y: F)—>0 is exact.
(i1) el ¥y = T,y ) for qzl.
$§4. PG-cohomology with supports.

4.1. Supports.
(4.1.1) Let (X,@X) be a smooth affine variety in CN, ZC X a closed

subvariety and A;(X) a PG-covering of X. If ¥ is a PG-coherent OX—
Module,then we have a cochain complex (PGC°(2§¢-(X) ;F),8). For a

cochain ‘F=(<f’i°,....gz)ePGCq (Ag(X): 5 ), we define:

Suppz (¢r:= U vy,
AC’(X) ‘fig-it*o 0! “

(4.1.2) Let & be a family of supports on X. Then we define:

pcCe B g1 :={ e, T Rex)1F) | Suppg () (P1€8 ) -

Since Suppﬁo_(x) (d¢)C Suppg'_(x) (9), we havg

q A ; i at+l a ;
pcC Ae(X)iF) ————> ,.C° " (Ag(X)iF )

®,

~ 0 +1
pcCeReX) 1 F) ————> LT Bex):F)
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So we get a cochain complex ( (A (X):; 9’),5 ) and we define :

PG ¢
pcHa (B (x) ;%) := HI(,CoA_(X); ).

4.2. PG-cohomology with supports.
(4.2.1) Let ﬂU(X)=(Ui)ieI and Ap(X)=(Vj)jeJ be two PG-coverings
of X such that Ag(X)< Ap(X). Then we have a refinement map | :J—1I
and ¢ induces a cochain map

- * (R . ®* 2 .
It is easily seen that if Suppﬁc(x)(¢)€§ , then Suppﬁp(x)(f?)e ®.
So we have a cochain map

T oCo (Bo(X) i F) ———> ,Co(Rp(X); %)
and consequently a homomorphism

9 .
pia Bo (X) 1) ——  HI(Rp (X) ; &)

which is independent of the choice of the refinement map ¢ .

(4.2.2) Thus we can define:

PG <I>(X F): l;m, PG Q(AO(X> F).

(4.2.3) similarly, for a closed subvariety ZC X, we define:
q . a5 ” '
pcCa (B0 (x) 5 57) = { €, VB (X)) | Suppy (i) (P C 2
q 9 i . '
paly Ro(X); F) = HI( ,oCo(Ro(X);F) ).
Now we can also define:

q o=
PGHZ(X.ﬁf).- 1;m PG Z(AG(X) F).

(4.2.4) Let ¢ be a family of supports on a smooth affine variety

(X,@&) in N and & be a PG-coherent 0 -Module. Then we have :

pHg (X, F) =]Z‘:$PGZ(X3F)
where Z means a family of closed sets of X contained in Z.
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4.3. Relations between relative PG-cohomology and PG-cohomology
with supports.
(4.3.1) We define: ‘

palg (Xi0p) = {¢€, T(X;0,) | Supp(¢)C 2 } ,

alg.Ox ) | supp(¢)C z} .

I, (X 0 ) = {¢er(x
alg alg

alg’~x

LEMMA (4.3.2) Let (X, @ ), 2 be as above. Then we have

oy (X,0,)= T 2 (Xa14:04 1g)_’ palz (X0 .

LEMMA(4.3.3) Let (X,@&), Z be as above. Then we have

OBy () B (1) 100 T (X, 0 )

PG alg

where Y:=X\2Z.

LEMMA(4.3.4) Let X,2,Y be as above. Then we have

PGHI;(X o) == HP(XmodY,OX).

PROPOSITION(4.3.5) Let X,Z,Y be as above. Let¥ be a PG-coherent

@X—Module. Then we have :

s (X, F) =5 8P (Xmoa¥, ).

COROLLARY (4.3.6) Let X,%,Y, # be as above. Then we have

. 0 0
(1) 0y HD (X, F)—p B (X, F )~ HO(Y, F) sy HE (X, F)—> O

is exact.

(11) @I, F) = ,m%y, 7) for qpl .
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§5. PG-homology.
5.1. FN-structure, DFN-structure and PG-precosheaves.
(5.1.1) Let PGP(U’@%n) be a vector space of PG-holomorphic func-
tions on an open set UCZmn. Then we can construct on PGF(U'é&n) a
locally convex topology as follows. Let
Ky€ K €K € K€ -ommmoer @ng----i—_ﬂu, &’joxmj U ‘

be a sequence of compact sets in U. (Ki@Ki+l means Ki=Ki+1 .)
Note that for any compact set KCU, there exists N20 such that KC:KN.
Let

Py (£):= Max (1+1z]) TF|£(2)| for f£e,.T(U, Q) ( m=0,1,~-).

g2€Km

Then we have a countable sequence of semi-norms (p (m=0,1,2,---,

m,k)
k=0,1,2,---). It follows from the Weierstrass convergence theorem
that with this semi-norms PGF(U’@&n) becomes complete and hence a
Fréchet space. 1In other words this locally convex topology is given
by a fundamental system V(I;e) of nbds of OEPGT(U,G&n) :

V(I;e):= {fePGr(U,q‘_.n) : pm’k(f)<e s,k €T}
where I runs through the finite subsets of INXN .

It is easily seen that B is bounded in PGF(U,@&n) if and only

if for any £€B Max(1+|Z|)-k If(z)KM &+~ for every m,k€ N.
EeKm m,k

(5.1.2) The locally convex space PGF(U,@bn) is nuclear. This locally

convex topology is compatible with the one induced from F(U,cbn).

(5.1.3) Let (X,@&) be a smooth affine variety in ¢¥. Then PGF(U’@k)

has a localiy convex structure of Fréchet-Nuclear for any open set
‘g S, _ s . _

UCX. 1In addition PGI‘(U,OX) = PGF(U,&&) is a Fréchet-Nuclear space

in the Cartesian product topology. Again a sequence of compact sets

in U as in (5.1.1) defines semi—normS‘pm x by
’
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P,k (Eprfgreecrf) 2= b (£7) + P g (£5) + coevee 4 Pm,k(fs)

and the semi~norms (pm k) determine the locally convex topology of
’

PGI‘(U,Q)s() of type FN.

(5.1.4) Let ¥ be a PG-coherent OX—Module. Then for any open set
UCX, the space T'(U, %) has a natural topological structure of
Fréchet-Nuclear. If we have a chain of PG-syzygies :

k
O—-——._)@l;(lz——!——}@r}l(lw—kt!_) e 56 0600 9 0@ ;@IQ‘ k')@?'—%——)ﬁ—) 0

where ki are PG-morphisms, then we set

e m €
PGF(U,,?!’) := Image of ( PGI‘(U,@X°) rqg,#) )
Then PGI‘(U,.?') is a closed subspace of T(U,%) and has a FN-structure .

induced from I'(U,%).

(5.1.5) We define the space g% (U) as the strong dual of ,.r(U,s).

Then B (U) has a topological vector space structure of type DFN.

(5.1.6) Then a PG-precosheaf 8% is defined as follows:

For an open set UCX, A% : U +r—— BF (U) is a functor. The exten-
sion map pg : BF (V) —— BF(U) is defined as the transposed of
the natural restriction map resg : PGF (U, F) ———+PGI‘ (Vv,5F) for an

open set VCU.

5.2. Supports.
~ ., )

(5.2.1) Let A_(X)=(U;) ;s be a PG-covering of X. Let N(ﬁa(x))
denote the nerve of the covering ﬁo(x)." For a element geTT-i?SF(Ui_.i')v
. - Somip ¢

we define the support as following:

- .= =(i, ; p+l ,
SuPpN(Ac(X))(g)'_ { S—(lo,o-,lP)eI I gio""iP # 0 } .

10
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(5.2.2) .We define the subcomplex K(g) of N(ﬁw(x)) as the set of

all simplices o, o<s for some seSuppN(ﬁv(x))(g). Note that K(g) is
locally finite in N(ﬁ¢(x)),i.e.,for every seN(ﬁf(X)) the set{ teK(gﬂ
(t,s)eN(ﬁ,(X))} is finite, since A¢(X) is an open covering by re-

latively compact open sets which is locally finite.

5.3. PG-homology with coefficients in PG-precosheaves.

(5.3.1) We definé.:

cp(ﬁr(x) Y BF ) =

(\.07",'.'

DF (U, c) .
) 0

- lf

(5.3.2) We can define the coboundary operator

0

: cp(fx‘«(x) VDF ) —————> cp_ltﬁq(x) , BF )

p-1
by the formula
P
3 U eoreanmens N
(g, )= 2 (-1)IpUtemoml (g )
aI)"l glo """" lP) 339 ( ) pU“’.... i‘-.-~uir glo """" lP
where pU‘“":**P is the tra%éosed operater of the restriction map
I
- ' ¢
resU‘°“'ﬁ""% .
f.-...d-...;'

(5.3.3) Since K(@p_l(g))C:K(g), the boundary operator ap—l is well-
defined and we obtain thus a chain complex ( C.(K¢(X), AF ), 9 ).

Their p- th homology will denote by Hp(ﬁv(x),iﬁf ).

5.4. PG-homology with supports.

(5.4.1) For geC Re(X), DF ), we define: Suppa X) (g):= U Ut .
p ‘ A teK

(5.4.2) If Y is a family of supports on X, then we define :
Y o A
CpBex), 25 )= { g€ C Belx) , &F) | suppyy) ()€Y ]
One readily verifies that ~ a . -
Y SupPg () ( 9p-19) C SUPPR (x) (9) . There

fore we have a subcomplex ( C&(ﬁ,(x),,a?), ? ) of | C.(ﬁcxx),éﬁﬁ),a).

i
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The homology of above complex will be defined by
¥ oA _ ¥
Hy By (X), BF) = H ( Co(R (X),8%). N -

£~ = ~n = - .
(5.4.3) Let AO(X) (Ui)ieI and Ap(x) (Vj)jeJ be two PG coverlngs of
X such that 3G(X)< 'zip(x) . Then a refinement map t :J—I induces a
chain map Ty : C(A (X),8F) ——— CB (X),85).
For g€ Co(R (X),®F), we can see Supp,(t(g))C U v, ,
P A inB¥ i
o~ .
where A = AO(X) , B = Suppﬁp(x) (g). Hence ,if Suppﬁp(x) (g) € ¥, then
Supp;-i0 (X) (T‘(g)) €Y . So we have a chain map
Ty: Co(R (X),8F) ————> CoB (X),27),
and consequently a homomorphism

Y a ¥ oA
HOR (0, 88) ———u R () ,2%) ,

which is independent of the choice of the refinement map t .

(5.4.4) Thus we can define :

¥ P,
Hp(x,obi) 1= }%me(ﬁo(x),b?).

(5.4.5) Similarly, for a closed subvariety ZC X, we define
Z x » = ~ - - ~
Co(A(X) ;7 ) =1 g€ C (A (X); 85 ) : SuppAo(X) (@dcz } .
Then we get a subcomplex ( CE (f&o(x) 1827 ),3 ) and define :
Z o o Z,a .
Hp (AO(X) i DF )= Hp( C.(AG(X) iLF) ).

Now we can also define :

Z = : Z 3 .
Hp(X;,a;r’) i= lclym Hp(Ag(X).M) .

2
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§6. Relative duality.

6.1. Dual pair of supports.

(6.1.1) Let ® be a family of supports on a topological space X.

The dual family vy of ¢ is defined as follows :

y := { TCX is closed | TN S is compact for all S€ ¢ }

The dual family=¥ is also a family of suppots on X.

%, .

(6.1.2) A pair of families of supports (¢,¥) is called dual pair of

families of suppdrts if

(1) ¢ is the dual family of ¥ , and
(ii) ¥ is the dual family of ¢ .
If X is locally compact and (¢,¥) is a dual pair of familles of

supports on X, then \UJ s=x and U z=x .
Se ¢ ey

6.2, Locally convex topology on PG-chains and PG-cochains.
(6.2.1) Let Y be a familv of supports on a smooth affine variety

)

(X,@x) in ¢" and ﬁo(X)=(U be a PG-covering of X. For any set

i’iel
72CX, we define :

A (x|, =1 Uigﬁo(X) : U,C2}
and if Z€VY¥ , then we now define :

A . b e= ‘ L D, . .
Cq(AO'(X)IZ"bﬁ). -“-“‘_'i‘er,(x) !&f(ulo""l$)
This is a countable product of locally convex spaces of type DFN.
Hence we get a subcomplex ( C.(?\O(X) IZ;,ag ), 3 ) of PG-chain comp-

lex ( CH(R_(X);0%), 5 ).

(6.2.2) Let Z,2'€¥ such that ZC2Z'. Then the chain map N(?\o(X) | ;)

—— N('AO(X) | ;1) induces a chain map :
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.7 - A )
g cq(AO(X)lZ;,ag) cq(Ao(x)lz.;,aﬁ)

given by
_={ Iigeeriy if _ Uia““'uif A x|,

.2

Jgeld)y oouqy

Z 1o 3 0 otherwise
where g=(gio “““ i%)qu(ﬁt(X)]z;.af ) .
(6.2.3) Hence we get a system of injective topological homomorphisms
on the partially ordered set Y (ordered by inclsion). Obviously

Y, a \ =~
A _(X); = A H .
Cq (B, (X) 5 £5F) z\e,‘i’ Cq Ry (X) |57 05)
So we can define a locally convex topology on CZ(ﬁO(X);Jﬁﬁ) by

o ¥oa . iz 13 A .
setting: Cq(AO(X),.b?). %:m Cq(AO(X)|Z,.D?7).

(6.2.4) Let (9,Y¥) be a dual pair of families of supports on X.

Then for S€ ¢ , we have a exact sequence

g2 . roj 94 . R
pcC A () ;%) B2 — | VAR _(X) |4\ g7 F) — 0

where proj is the projection. We define :
q o . .= d.4 . 9/ .

Then we get a subcomplex ( PGC'(Slﬁc(X);ﬁ) ;8 ).

(6.2.5) For any two S,S'e ¢ such that S CS', the projection

d.2 .

a4 .
peC A5 (X) [g\gi F)

induces the natural map:

pcC IR (X): %) pcC gy 1A (X) 1 %)

Hence we have

9 (3 . = 1i Q|13 .
pcCo (B (X) 3 F) L pgC (g3 (X); F)

(6.2.6) On the other hand, we have natural topological inclusions:

93 . 9 (R (x) a4 , ,
pcC B (X gi F) =  CHIR (X):F) —— [ LA (X) | g iF) -

¢
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So, defining the extension maps :

5

S q9x . . o9k .

g1 ¢ pC (A (X) g &) rpcC By (X) | gy F)
by

js () e {fio..-'Oi‘ if Uio""i CS

S' lot®*®1y 0 otherwise. !

We can also write the above locally convex topology as :

9 . = 11 q9.% .
6.3. Natural pairing between chains and cochains.
(6.3.1) Let (X,@k) be a smooth affine variety in ¢V and F a PG~
cocherent @k—Module. For any open set UCX, we have a natural pair-
ing : F(U) «x AF (U) -+

given by ( S . f ) —————<s , > = f(s).

(6.3.2) Let 30(X) be a PG-covering of X and (¢,¥) be a dual pair

of families of Supports. Then we have a natural pairing :

d.% . Y5 . ,
PGCQ(AU(X),.?) x cq(AO(x)..af) > @
defined by

(£,9) ———— <f,9> =) < £, 50 95 ee.eil”
Goripy -0 g "o 13

= 94 . = Y a . p
where f—(fio“”iz)ePGCq)(Ao(X),"ﬁ) and g (gio.“iz)ecq(Ao(x),.af).
- This pairing is meaningful because of the finiteness of the sum and

it is compatible with the boundary operator and coboundary operator.
(6.3.3) The above natural pairing is separated,i.e.,

( VEepeCa (B, (X) 5.7 INI0} ) ( geC (B (X) 18 ) )z <E,g> # 0
( yaecy By (X); % N0} ) (IfepCQB (X3 5)):  <f,9> # 0.

5
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Theorem (6.3.4) Let (X,ox) be a smooth affine variety in (BN and (¢,Y)

be a dual pair of families of supports on X. Then for any PG-coherent

0_-Module ¥ , we have topological isomorphisms :

X
VY a ~~ q,s .
Hq(AO'(X) IM ) ——— Homcont(PGH(D(Ao(x) iy)l c )

pHI (A (X), F ) -2 Hom (  (HY(R (X),25); C )

for any g% 0, where Hom ... denotes the weak dual.

16



