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Let I` be a compact Riemann surface of genus g, and let 1,
11 be respectively the universal covering surface and the funda-
mental group o f F .  Denote by A  the group of the affine trans-
formations on C I .  In  this paper we consider the set of complex
analytic bundles E  over r, which are associated to the bundle

r by representations p :  11 — >A.
We shall show that th is set has a  natural analytic structure

except for a singular part, and forms an analytic family of bundles
( §  2 ) .  We also add some remarks on the singular part (§ 3).

Generally, we follow notations in papers of Kodaira and Spencer.

§ 1 .  Structure of complex analytic family o f  bundles

In reference D i Kodaira and Spencer proved three theorems
on the existence of structure of complex analytic family in a regular
differentiable family of deformations of compact analytic manifolds.
In this section we shall prove variants of these theorems for the
case of a family of bundles. p

Let G be a complex Lie group of matrices and let g ) -->cV--)M
be a differentiable family of principal G-bundles over the family
of compact complex manifolds cv—>m-.  From the fundamental
diagram o f sheaves fo r  this fam ily, we obtain the commutative
diagram

( T  ) , - 1 - 111 (17t, l t )

P t
Ir(V , , et)

1 )  T h e  au th o r w as a Yukaw a fe llow  during a  p a rt o f th e  period o f  this work.
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(See [3], § 7.)
W e shall assume that P is regular, i.e. dim HA V t , l t )  is in-

dependent o f t E M .  Then we have the following propositions :

Proposition 1. I f  77, is  injective and its  image is  a  complex
subspace of 11 1( V ,,1,) for every t E M , then M  has a complex structure
such that ?i t @ latx )=0  fo r  holomorphic local parameters (tx) of M.

Proposition 2. A ussm e that M  has a complex structure and that
y o/atx)-o f o r  holomorphic local parameters (t''). Then fo r  any
point of M  there exists a neighbourhood U of this point and a structure
o f complex analytic family o f bundles 2 u  which is compatible with
the structures o f  U and of Vt 's.

Proposition 3. If, in addition to the conditions of proposition 2,
we have H°(V t , l t ) = 0, then the structure mentioned in proposition
2  is unique and hence it may be defined over the whole P.

These propositions can be proved in a manner similar to that
o f Kodaira and Spencer. We shall give necessary supplementary
remarks only.

We may assume that M  is covered by a  domain of a single
system of local parameters. Let cV be covered by coordinate neigh-
bourhoods "Hi , and let

(1.1) z ,  ,  z ;  t 1,••• ,tm

be a system of local parameters on clli ,  such that (tx) are complex
valued local parameters on M =  (c ll ;)  in the sense that (Re tx, Tm tx)
form a  system o f real local parameters on -rcr(c/J; ) , and such that
for fixed t ,  ( 4 )  form a system of holomorphic parameters on Vt.
Then we have

(1.3) =  g7„(z k , t) ,

where ga,„ is  C -  in  z ,  and t  and holomorphic in z k . We may take
( 1/;  s o  th a t  .T. ; P - 1 (c1J1 ) i s  the product cll;  x G  over 9U1 ,  and
C0• x G(-= g 3 .1 )  and V ' , x G(~=' ) k )  are connected by the relation

(1.3)
c llix G D (z i,t)x k i- - - (z k ,t)x e k e c llk x G
if and only i f  z i  =  g i k(zk, t),
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where k i k  i s  a C-  m ap  cOi n T k ->G , holomorphic in z , .  fo r each
fixed t.

The bundle N in [3], (1. 1)p is defined by the system of trans-
ition matrices

I  ad(h J k ) a d ( h i k ) • h ï k l a h i k l a z k  a d ( h i k )- V a h i k l a t \
(1.4)0 azilazk agik/at

\ 0 0 1

and is  the sheaf of the germs of a certain type of cross sections
o f N .  Here we think we have picked up a base of Maurer-Cartan
forms of G and have expressed the components of images of a/az,„
alat under k i k  w ith  respect to this base. ki k  a k i k /azk etc. in the
above formula denote these components.

From this we see that nt (a/atx) is represented by the 1-cocycle
Oi k ,x defined by

(ad(hik)•hiki k lat x

(1. 5) Ojk,X agiklatX ï
In this representation, the coboundary o f a  0-cochain P i )  is
given by

(ad(hik){ * (74,117: 1,13  zn(1. 6)
E (azi /azT)PT—P;

Now to prove proposition 1, we can proceed exactly as in the
proof o f  theorem 1 , [5 ].  In the manipulation w e m ay treat

aki k /atx as a matrix and thus ad(h i k )• k ki  = a h , k l a t x • h T k i .
W e shall also rem ark that the analogue o f  Proposition 2  in  [5]
holds in  our case because dim 1-P(V t , i )----const.

To see that proposition 2 holds, note that we can find (71.,(z 5 , t)
E (7,711 ,c/P" which satisfy equation (6) in  [5 ], and are C -  in  t.

This is  certain because of the above remark, although we do not
know i f  dim H i( V , ,  , )  is independent o f t. Then the proofs of
theorems 2  and 3, [5 ] hold good and the fam ily c- V—>/ff has a
structure of a complex analytic family, which is compatible with
the complex structures of M  and of each Vt . (Here M  is replaced
by a smaller domain i f  necessary.)
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S o  w e  m ay  assume a g i k /atx=0, and from 9/0/aik)— o, it
follows that we have matrix functions 4P5 ,(z 5 , t), C -  in  z  and t  in
cll. ;  and holomorphic in z 3 , satisfying the equation

(1. 7) a d ( h ;  k )-hik
l ak i k latx  ad(hik)•*kx — IKix in  c ll; n  c llk •

We define an almost complex structure on g'. ; CU5  x G, by the
Phaffian forms

(1.8) 7 1 - ;  = Adtx , dz , dt ,

where .1
- 1 d ;  stands for a base of holomorphic Maurer-Cartan forms

on G .  (These forms are to be of type (1, 0).)
To prove this almost complex structure is integrable, we can

proceed by induction on dim M .  For this purpose note that :
(A) Suppose, in a differentiable family g)  c - V  M  of complex

analytic principal bundles, we have M = M, x M, where M , is  a com-
plex analytic manifold, and suppose that 2  is  a complex analytic
fam ily w ith respect to parameters on M „  I f  we have 11'(V 1 , / t )
=const. fo r  every  tE M , then there exists a  fam ily of bases
(1 )1( , ••• ( D r( , t) of H°(V „ I f ) in a sufficiently small neighbour-
hood of an arbitrarily given point of M , such that (Vs are C-  in
t  and are holomorphic with respect to parameters on M1 .

(B) If X  is a compact differentiable manifold and if X  carries
a family o f integrable almost complex structures given by Pfaffian
forms co„ ••• , con , which depend differentiably o r  analytically on
auxiliary parameters (s), then complex coordinates on X , holomor-
phic with respect to these structures, can be so chosen that they
are respectively differentiable or analytic in (s).

(A) follows directly from theorems 2. 3, 2. 2 and 18. 1 in En
(B) is  a remark at the end of [7 ].
In  our case of proposition 2 , we may assume that U= {(t) E

C- 11txf< 1 }  and the reference point i s  the origin . We first de-
compose U  into M, x M2 , M1= It 1llt1l< 1 1 , M2 = {(t2, ••• , r)11tx < 1}.
Let (r, • • , r") be fixed, then the integrability condition for our
almost complex structure

d7r; 0  mod. (7v 3 , dz i , dr)
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is trivially satisfied, and we have by (B) a  family of bundles which
is analytic in  t 1 ,  differentiable in  (t). Secondly, i f  we have intro-
duced in  2 u  a structure which is analytic in I', ••• , t P - 1  and differ-
entiable in ( t) , and if we take gii k , h i k  corresponding to this structure,
then l k  j p  in (1. 7) can be taken to be holomorphic in  t 1 ,•••

In  fact w e have (1. 7) with differentiable Since RI/ k  and hi ,
are holomorphic in t 1 ,• • •  ,tP - 1 ,  we have from (1.7)

a d(h ik ) . aikiplaP — axfriplat' o 1, , p —1) .

Hence { t (allrip/atx , 0)} defines an  element T À(t) E H°( V„ By
(A) we have a family of bases 4) 1(0, ••• , (13,.(t) of H °(V t , f )  depend-
ing holomorphically on t. Hence we have

' i ' ( t ) ,: cY „(t)• 4 ),(0  ,

w h e re  c ( t )  a re  differentiable functions o f  t. From aTdatil-
a\p,/at ,  t t, =1, ,  p— 1 ), w e  o b ta in  S c/ 3 i=  aa„latx. Then
there exists differentiable functions 3 , ( t )  o n  a  suitable neigh-
bourhood o f a  given point of U , such that a„=33,Iatx(x =1, ••• ,
p — 1).

We may replace in (1. 7), (1. 8) the cochain ■If= ft ( i ff i p , 0)1 by
1.1—E / I)  a n d  this is holomorphic in  t', ••• ,tP - 1 . When this is

done we treat the variable t "  a s  t '  in the first step, and introduce
a structure of a family of bundles holomorphic in  t ' ,• • •  , t" .

Proposition 3 corresponds to uniqueness statement in  [5 ],
Theorem 2. No further remark will be necessary.

§  2 . A  se t o f bundles with A as structural group.

Let A be, as in the introduction, the group of the affine trans-
a bformations on C , that is ; A= 1(0  1 )  a E C*, b E CI, then we have

a ba natural homomorphism (7, :  A 3  ( 0  1 ) —> a e C * .  Hence to an ana-
lytic A-bundle E  over a  complex analytic manifold M , there cor-
responds a  complex line bundle B  over M .  If A  is defined by a
system of transition matrices 1( a •k b  'h

0
1
 1

3 )1  with respect to a certain
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covering LI= {U1 }  o f M , then B  is defined by {aik} - bik's satisfy
the relation

bf i = b i k -Fai k bk ,

and hence {b i k } define a 1-cocycle in Z'(11, 12(B)), where 12(B) is
the sheaf o f  germs of holomorphic cross sections of B .  I f  the
cohomology class E H'(M, 12(B )) determined by this cocycle is  0 , then
E reduces to B .  If we consider those E's which are associated and
do not reduce to B, then they are naturally represented by the
projective space {Hl(M, 12(B))—(0)} /C* (See [9], [6]).

Now le t F  be a compact Riemann surface of genus g .  Let
us assume g 2 ,  since our problem is trivial for g= 0 and 1. If
E  is  an A-bundle associated to a representation p of the funda-
mental group o f F  into A , then the line bundle B corresponding
to E  is also defined by the representation pop into C * .  As such
B  corresponds to a point t  of the Jacobian variety J of :  B= B,.
Conversely it can be shown that if an A-bundle E  corresponds to
a B in J, then E is associated to a representation of the fundamental
group (see below).

Thus if  we want to consider the set of A-bundles which are
associated to representations of the fundamental group and do not
reduce to line bundles, we are first to consider v H i m  na(B,)).

,ET
By Serre's duality, Hi(r, 12(BM is dual to H°(r, n(B_,)), where —t
is the negative o f t  in J .  Hence we consider VH°(1`, 12(B_,)).

tEI
Take a K5hler metric on F  and take a base co„ ••• , wg  of the

module of linear differential forms of the first kind on F, ortho-
normal with respect to this metric. This means

(2.1) ((ox, (tQ — cûx A * (7)p . =  8m).

and by Hodge's formula *p= —Cp for linear differential form p
on 1 ', w e have

(2.2) cox A  (7-)iz = N./ — 1  8 xy. •

Let (t„ • •• , tg )  be linear coordinates o f  C g . Then  w e have
J=C gID , where D  is the group of (t)'s for which
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(t,55x — 0 (mod. 21r .\/ —1 Z )

for 7 E rmr, z) .
The point of J  which is the image of (t ) will also be denoted by
t. Then the line bundle B_, corresponding to —t E j  is expressed
as follows : take a simple covering" 11= {L/1 } of 12 and fix a point
A 1 E U1 fo r  each j ,  then

(2.3)a . k ( — t )  =  exp (
A

k

—
(

-  t 2j0x))
A j  A

is a system of transition functions for B _ , .  I f  we put

(2.4) Œ J (X ) =  exp  (—  ) (tx tr)2 ,- tx (00 ) (x E U1 ) ,

then
aik(—t) 

The space (131. °(B_,) of B,-valued differentiable (1, 0)-forms on
is isomorphic to (1)"°—(1)"(B 0) by  the relation

(2. 5) (131'° (B_ t ) D {p1 } p ( x ) 0-3 (x) - 1 p 1 (x) 0 k(X) - 1 q ,  k(X) E (1)1 '0

and the condition d"(p;  = 0  (i.e . the condition that {(73; } G H°(F,
1-21(B_ 0))) becomes 0 = d"(0-; (x)p(x)) = 0 - J (x){d" p + d" log c r j  A T.}, or

(2.6)

We want to solve this equation taking into account the dependence
of solutions on t.

T o  d o  it , w e  fix  t ,  and consider the differential operator
d"(t 0) =  d "— e ( t o t ) an d  its adjoint n t o  with respect to  the

inner product ((A A *II" ; P, fr E (1) - -  the module of C -  dif-r
ferential forms on F.

We introduce

(2. 7) nto) = d"(08"(t0)+ 8 "(t0)d"(t0)

2 )  That is  to  say: U n n ,••- n h a s  trivial homology for any choice of i's such
that this set is not vacuous.
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and apply the theory of harmonic forms. We denote the projection
operator to the harmonic part b y  H(to )  and the Green's operator
by G(t 0)3 .

B y the isomorphism, the (1, 0)-part of which is described in
(2. 5), our harmonic forms correspond to  those of B_ to -valued
forms. (Since B 0 is given as a unitary bundle by (2. 3), there is
a natural Hermitean metric on B o ). Now we have

dim H°(r, fr(B — to )) I g
g - 1

dim 111(r,(2 1(B_ 0)) =

i f  to0  in J
otherwise,
to0
t, .

Let t 0 ==0 in  J  and let t= to + .7-  be sufficiently near to. W e
want to find a solution p(t) of (2. 6) of the form

(2.8)P ( t )  =  Po+Pi+ P2+

p k being a homogeneous polynomial of degree k in 7, whose coef-
ficents are differential forms of type (1, 0) on F .  Putting this into
(2. 6), we have

d"(t o)p o — 0
d"(to)Pi = E  Tx (-5x  A Po

(2. 9)
d " (to ) (P te =  E 7- A(7)x  A  P k - i

,

Hence p o must be harmonic for E(to), and p k (k 1) can be taken
as
(2. 8a) P k  = G(t0)8 "(t0)eT

Since H U , E21 (13 _ t o )) = 0 for 4 + 0  in J, (2.8) (2. 8a) satisfy (2.6)
form ally. That this series converges uniformly in 7 and x  E r)
provided 17,1 are sufficiently small, will be shown in appendix.
Thus i f  we start from  g -1  linearly indepent po's, (2. 8) gives a
family of bases of harmonic forms, depending analytically on t E J .

3 )  I f  we admit results in  the theory o f  elliptic differential equations, existence
o f  such operators is quite clear as in [ 4 ] .  We shall also reduce our situation to that
treated by de Rham in [ 8 ] .  See appendix.
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(The existence of such a  fam ily of bases is already assured by
D i T h . 18. 1.) W e thus see that \J o H°(11 , ,[21(B_ 1) )  form an ana-E

lytical vector bundle Y ' over J' =J—  (0).
Clearly X ' = V  W (F , 1-2(B ,)) form the bundle dual to Y ' .  Thus

X ' has a natural analytic structure. More specifically, i f  we take
an analytic fam ily of bases qi", ••• , gig - "  g iven  b y  (2. 8), then

.\/— (a =1, ••• , g -1 )  form a family of harmonic forms
which represents HIM n ( B ,) ) .  Moreover we put

(2. 10) p " ) )  =  h „  and  Ijr, E h„(p"),

then i f  we represent elements of f2(13,)) as E (s) and
(t) f orm  a system  o f  complex coordinates o f X ' w ith respect to the
structure mentioned above.

In fact i f  two families of bases (pc", ••• , pcg - 1 ) )  and (p "" , ••• ,
are combined by g l= p •g , where g = g (t )  i s  a  matrix of

degree g - 1  depending holomorphically on t, then corresponding
Ik's are related by 4,----kfr•tg - '.

The set of indecomposable A-bundles is, as far as the part
over J ' is concerned, in one-to-one correspondence with the bundle
W' obtained from X ' by reducing each fibre to the projective space.

For given t E j  and lfr = E  sh , ,(t), we put

h .k (t ) =  ( a  i k ( t ) b i k ( t ) \
1 '

A
k(2. 11) aik(t) exp E

A j

Ak

b k (t) exp E %co,— ro),))•*(x, t).
A j A j

{ h i k }  define an A-bundle E(t, 1k) over F  and, since the transition
matrices are independent of x E F, E ( t , * )  is  associated to a repre-
sentation of the fundamental group into A . (See [ 1 ] ,  prop. 14.)

It is also clear that E(t, Ijr) and E(t' , .ty.') are equivalent if and
only i f  r = t  and 4/=c-‘fr (c + 0 ) .  Since ap, and b.", depend dif-
ferentiably on the parameters (t, s), we have a differentiable family
2  of A-bundles over F , parametrized by W '.  We shall denote the
point (t, s) o f W ' by u.
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To prove that 9 ) admits a structure of a complex analytic family
o f bundles, it is sufficient to show that the conditions of proposi-
tions 2 and 3 hold.

In the case where the base manifold 1' retains a fixed complex
structure, the map n  is reduced to another map T  ([3 ], formula
(7. 1)). I n  our particular case w e have 2=H E3,E from (1.4) and
(2. 11), and so y P•u u — T u )  where p u 0 throughout and Tu is  the
connecting homomorphism ( T w /)„—> H 1(F, Ei).

The decomposition of a n d  y corresponds to complete separa-
tion o f two lines in each of (1. 5) and (1. 6), and T  is the part of
y  concerning the first lin e . When we work out ad(h i k )  for our

group A, then we find ad(h .,,,) = ( ao f  k —  b
1
i k )  acting on C. Hence we

have an exact sequence 0 —.f2(13,) ,
 — › 0, while the condition

that E  does not reduce to B , is precisely the condition H°(1`, s u) = 0.
From this it follow s that dim  111(1', s u ) = 2g-2, independent o f u.
The formula (1. 5) and (1. 6) take the following form : T u (a/a0)
is represented by

and the coboundary of a 1-cochain t(y ;  , ".;) is given by

(1. 6')
( a f e lk — b i k k  97;

Our purpose is to show that (1. 5') is a coboundary, and it is
enough to show this for each fixed u o E  W '. Take a point u0=(t 0, so)
o f W '.  W e may assume that so g _, = 1 and t A t oA , s,(X =1, ••• , g ;
,a=1,••• , g—  2 ) form a  system o f  analytic local parameters in a
neighbourhood o f  uo . We may also assume that in (2. 11), fr =

E 4*, and fr,'s are defined by (2. 10) from qP 9 's, which in turn
are given by (2. 8), (2. 8a) with our present to as the centre of
expansion, and that h „  in (2. 10) has the value 8 „  at to .

Consider Tuu(a/at x ). 0 ( 1 .5 ')  for a/aT, becomes — Wx =
Aj

h (x ) 1 ( x ) ,  where "..f (x) co, and is holomorphic in x. .j/, has
Aj

the value
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rAkicriCYri (( i i
.Y

i w x )'* (Y )+ a * ia rx } + 0 A k w x ) 'r k (rj(Y) - 1 1 fr(Y) 7
Aj Aj

Y
where 0-3 (y) = exp .E (v)x—  to ,x)) (formula (2. 4)). Here we
note that s h „la f x =o  fo r t= to . In fact we have

h (t)  = (q ) ( ' ) (l), 9)( "(t)) = 8 +E  x (G (to )( .• .) , P" ) (4))
+E ,T- ,(q)(P) (to), G(to)( • • ) ) +  (terms of order 2 in T,

Hence in considering ifr(to)  and (ailqatx)t-t o ,  we may treat as if
were the complex conjugate of a (p which has the form (2. 8), (2. 8a).
The condition

(2. 12) aikyk— bak— ejk

being given above, can be satisfied by n1(x ), differentiable in  x,
if  we put

n j (X )  = j ° ) X ) * * ( Y )  a 4 r (Y ) I ail

±
( VA ,Û) x) *

{9),} may be substituted by Ini -0-71f1., where f  is  a  differentiable
function o n  th e  whole F .  Therefore, to obtain a  holomorphic
solution of (2. 12), we have only to find an f  which satisfies

d"(7); -0- .Tif ) =  O.

The condition is equivalent to

{d"+ e(  t0„(7),,)}  f = 0- id" v ; = —  qa tO t - to

Now lir=ip and g) is given by (2. 8). Hence

(ap/atOt=t o = G(t0) 8 "(to)e(e6OP(to)
8 "(t0)G(t0)e(63x)<P(t0) •

We have V (4) = + e (  i ))}*, and hence

(a* latOt_t o = (aplatx ),=t o = ±N/ — i{d" + e(Et 01, 6501*G(to)e(c°099 (t

This shows that we can find the required f .
Since Tu0 (a/asv)=0 is clear, we have completed the proof of the
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T H E O R E M . I f  I: i s  a compact Riemann surface of genus g>2 ,
then  the A -bundles, w hich are indecomposable, are associated to
representations of the fundamental group o f 1' into A and correspond
to non-trivial line bundles, are in one-to-one correspondence with the
points of  a complex analytic manifold W '. W ' is a complex analytic
bundle of projective (g-2)-spaces over J' =J— (0 ), where J  i s  the
Jacobian veriety o f  r, and the bundles form  an analytic family over

param etrized by  W'.

§  3 . Remarks. We shall add several remarks on the structure
o f  uH°(1:, 12' (.13,)) around t = O.

(A )  We try to solve equation (2. 6) with centre to = O. W e  put
p (t) in the form (2. 8), then (2. 9) takes the form

= 0

d"Pi E Tx(Tix A g i o

d" (p2 E  T x(76x A q),

Then

(3.2)( P 0  E
In order that the second equation has a solution it is necessary

and suffieient that

E Tx s,c- fix A co, =  0 ,

or b y  (2. 2)

(3.3)q - x s ,  =  0  .

and when this condition holds,

= G8AE TO " A  wp,)

solves the second equation . No further condition is required and
(2. 8a) solves (3. 1).

Thus on a small neighbourhood U  of 0 in J ,  \I H°(È , 1I21 (Bt))
tEu

looks like {(s, t )  I s  E C g ,  t E U, E sx t,= 0} .
( B )  Consider the quadratic transform j  of J  w ith  centre O.

(3. 1)
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Then we can extend the bundle Y '=  V  f i v ,  S21(B,)) over J' to onetE J ,

over J.
In  fac t, if  U  i s  a  small neighbourhood o f 0  in  J,  then the

part V  of f  lying over U  is given by

V= It, u ) E Ux tw o ,

where (u1 , ••• , ug )  denotes a set of homogeneous coordinates of P.
In the part V' in which e.g. zig  =1=0 an d  1u,1 < 2 1 u ,1 , we put ug =1
and u„••• ,u g _ „  t g  form a  system of local parameters o f V ' .  In
(3. 1), Tx is replaced by te u x ,  and (3. 3) becomes

tg •[ i u,s, + sg ]  =  O.
x=1

We have g - 1  solutions of this equation for s, which are linearly
independent and depend holomorphically on u , and tg . Starting
from these, we can construct P I ,  9'2, successively and obtain a
fam ily o f  g - 1  linearly independent elements o f  H ° (1`,12/(Bt)),
which are holomorphic in V'.

Appendix

We shall discuss the convergence of the series (2. 8), in  which
each term is given by (2. 8a).

If t 0 = 0 in (2. 7), then I] = - - =  (half the ordinary Laplacian),
and for this operator we know that G is continuous as an operator
ÇJP _ J P + l  (see [8 ] , p . 1 5 7 ) . This result is based on the fact that
there is a  param etrix  n  which satisfies Lemmas 1, 2 and 3, [8],
§  2 8 . In our case of (2. 7), we can find a parametrix for the operator
D (t o)  which satisfies the lemmas above mentioned. In fact if  we
put

Y

f (y ,  x )  =  exp E(t„c7),— t x 0),))
x

then we readily verify

cry'f (Y, x) = E tx,75,(y)-f(y,
dç,f(y, x) - E  to , x(y).f(y, x),

and
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D y (to )(fP ) =  f•E lfr

Hence n(t o ) = f(y , x)-1-2(x, y) satisfies our requirements. Although
f ( y ,  x )  is  n o t single valued on the whole 1' x r, it is certainly
defined in  a  neighbourhood of the diagonal in rx r, and this is
enough for our purpose since 12 may be chosen to have the carrier
contained in  an arbitrary neighbourhood of the diagonal.

Now that G(t o )  is known to be continuous as  a  map .OP -->gP+ 1 ,
it is  c lear th at the operator lf,----G(t 0)8"(t o )e (0 ),) is continuous as
a  map .0P— .0 )P . Hence if T  rem ains sm all enough , the series
(2. 8) and the series we obtain therefrom by termwise differentiation
converge uniformly in  x.
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