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Explicit Formulation of the Solution of
Hamada-Leray-Wagschal’s Theorem

By

Renaud CAMALES*

Abstract

In this paper, an explicit formula of the solution of Hamada-Leray-Wagschal’s
theorem is given. For this, only structure’s theorem of finite dimensional determina-
tion’s function and linear algebra technics developped in [1] are used.

8§1. Introduction

In a previous paper, the monodromy of the ramified Cauchy problem was
studied [1]. This paper is a direct application of previous methods to give an
explicit formulation of the solution of Hamada-Leray-Wagschal’s theorem [3, 4].
First, we call back what kind of problem it is. Let a(z, D) a linear differential
operator of order m

a(z,D) = Z aq(x)D®

|a|<m

with holomorphic coefficients in a neighbourhood of the origin of C™*!, that

is a, € C{x} (where z = (zo,...,x,) is the variable of C"*! and 2/ =
(21,...,2p)). Its principal symbol will be written g(x;&) and we assume the
hyperplane S : zg = 0 non-characteristic in the origin : this means that

9(0;1,0,...,0) # 0. We will note y an open neighbourhood of the ori-
gin of C™*! such that all functions a, are defined and holomorphic on €.
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We suppose that the operator a(z, D) is an operator with multiple charac-
teristics of constant multiplicity : this means that there are some functions
(z,&) — Xi(z,&), where ¢« = 1,...,d, holomorphic in a neighbourhood of
(z=0, &= (1,0,...,0)) and some integers m; > 1 such that

d
g(x:€) = [ (60 — Nilw, €)™ for (2,€) closed to (7,€)
i=1
and, if A\ = A\ (Z,8), Ai # A if i # j.
Then, we can solve the non-linear first order Cauchy problem

Doki(x) = Xi(x, D'k;(x)),

ki(x) =x1 forzg=0

where D'k;(z) = (D1k;i(x),..., Dyki(z)). There is a unique solution of this
problem in a neighbourhood of the origin. We have DEk;(0) = (\;,1,0,...,0); so
the functions k; can be assumed defined and holomorphic on Qg and Dk;(z) # 0
for z € Q. This allows us to define hypersurfaces K; = {& € Qq; ki(z) = 0};
if T is the hyperplane g = 1 = 0 in S, then we have K; NS = Q¢ N T : this
means that the K; are the characteristic hypersurfaces which go out from 7.

Now, the Hamada-Leray-Wagschal’s theorem is called back. The following
problem is studied

d
al@, Dyu(@) = 3_vilt )|y,
(1.1) -

Dbu(z) = wp(t,x for zp =0, 0 < h <m.

)|t:a:1
R(D,,) will be denote the universal covering of D, = {t € C; 0 < [t| < w}.
Then, we have the following theorem [3, 4]

Theorem 1.1.  Let Q C Qg a simply connected open neighbourhood of
the origin of C™L, there is a simply connected open neighbourhood Q' C Q of
the origin of C"*t! and wy > 0 such that: let 0 < w < wy, a € SN such
that 0 < |a1| < w, v; and wy some holomorphic germs at (t,x) = (a1,a) which
have a holomorphic extension on R(D,,) x Q, then the solution of (1.1) could

be written .

u(x) = Zui(t’x)’t:ki(z) for x closed to a
i=1
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where u; is a holomorphic germ at (a1, a) which have a holomorphic extension
on R(D,,) x Q.

The aim goal of this paper is to explicit the u;’s structure in function of v;
and wy. More precisely, if the germs v; and wy, are finite dimensional determi-
nation’s functions, then u; are finite dimensional determination’s function too
[1]. Using a structure’s theorem of finite dimensional determination’s functions
in a punctured disk and technics of [1], the u;’s form will be precise.

82. Notations, Recall and Main Theorem

Let X a connected complex manifold and E a complex Banach space. The
complex vector space of holomorphic functions f : X — E will be written
H(X; E) and O, = O,(X; E) will be the complex vector space of holomorphic
germs at point a € X with values in E.

If u € O, has an analytic continuation along a path v : I — X, where
I =[0,1], of origin a and endpoint b, we will write u, € Oy the germ in b got
by analytic continuation of u along ~.

I, = T'y(X) will be the space of loops v : I — X of origin a and let u € O,
a germ which has an analytic continuation along all loops v € I';. We note F*
the subvector space of O, spanned by (u,),er, of all determinations of u at
point a and AY € GL(Fy') the automorphism

Ax:OGF;HGWGFﬁ.

This automorphism depends only on the homotopy class [y] of the path v € T,
then we have a linear representation of Poincaré’s group m (X, a)

A" [y] € m(X,a) — AY € GL(FY') where v € [v];

this linear representation is called the monodromy of germ w.

The germ wu is of finite dimensional determination if F' is a finite dimen-
sional vector space. The space Of of germs of finite dimensional determination
is a subvector space of O,. For u € Of, o (u) is the A% automorphism’s spec-
trum. When v has a holomorphic extension on X, we have u, = u for all
v € I'q, so I = Cu and AY is the identity map. When u is not the null germ,
dimF} =1 and o, (u) = {1}; when u = 0, we will say that o (u) = (. At last,
a subvector space F' of O, is said invariant under analytic continuation if, for
all u € I and v € 'y, u has an analytic continuation along v and u., € F.

Let A = (a;;)i,j € Mmn(C) with 1 <i<m and 1< j <n, then ¢ stands
for the column and j stands for the line.
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We call back the following structure’s theorem. We note § the loop defined
by s — (a1€?™* a) where (a1,a) € D, x Q. We have to remark that § is a
generator loop of 71 (D, x Q, (a1,a)) ~ Z.

Theorem 2.1. A germu € O(q, o)(R(Dy) x Q) is of finite dimensional
determination if, and only if, it could be written

am
(2.1) u(t,z) =Y 'Y ami(t,z)[Int]*
meM k=0

where M is a finite set, Re(pm) € [0, 1], pm # pms if m #m/ and the functions
amp : Doy, x Q — C are holomorphic, amg,, Z 0.

Moreover, {\,, = e*™m} 11 are the eigenvalues of the automorphism
AY; to each eigenvalue A, there is an unique Jordan’s block of dimension
qm + 1 and

dim Fl!, ) = Z (gm +1).
meM

Now, let u the following germ at point (aq,a)

u(t,z) =ty ap(t,z)[Int]*

k=0
where functions ay, : D, x @ — C are holomorphic, aq # 0. This germ u is
of finite dimensional determination, dim F(Ijll_ o =4a+ 1 and 2™ is the only
eigenvalue of the automorphism A§. Moreover, it is easy to see that in all basis
(%o, ... ,1q) of Flo oy such that the matricial representation of A} in this basis

1S
e2z7rp 1

6217rp 1
62171'1)

we have ¢y = CtPay where C' € C*.
Now this is the main theorem.

First, some space called h(p, q) are defined.

Definition 2.1. Let p € C such that Re(p) € [0,1][ and ¢ € N. u €
h(p, q) if there is a real w > 0 and a simply connected open neighbourhood 2
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of the origin of C"*! such that u € H(R(D,) x Q) could be written under the
form

> tPay(t,z)[Int]"
k=0

where the a; are holomorphic on D,, x Q and where a, € H(D,, x Q) when
p=0with D, = {t € C; |t| < w}.

Theorem 2.2.  If the germs v;, wy, are in a same h(p, q) space, then the
solution u of problem (1.1) could be written

d
i=1

with u; € h(p,q) fori=1,...,d.

Remark. Let u € h(p,q) and k a holomorphic function in a neighbour-
hood of the origin, then, for all holomorphic linear differential operator a(z, D),
we have

a(z, D)u(k(z),z) = v(k(zx),x)

where v € h(p, ¢). This results from the fact that the h(p, ¢) spaces are invariant
under differentiation.

This remark allows us to assume the germs w; = 0, in Theorem 2.2.

We have to say that C. Wagschal [5] gave an analogous result in the case
of an operator with simple characteristics (that is m; = 1 for all ¢ and then
d = m). He defined h(p, q) spaces.

Definition 2.2. Let p € C and ¢ € N. u € iz(p, q) if there is a real
w > 0 and a simply connected open neighbourhood € of the origin of C"*+!
such that u € H(R(D,,) x Q) could be written under the form

tPPy(z, [Int]) if p is not a integer < 0
tPPy_1(z, [Int]) + Py(x,[Int]) if pis an integer < 0 and ¢ > 1
Py(x) if pis an integer < 0 and if ¢ = 0.

where P;(z,€), £ € C are polynomial functions in £ of degree < i, with holo-
morphic coefficients in a neighbourhood of the origin of C™**1.



422 RENAUD CAMALES

Then, he proved the following theorem [5]

Theorem 2.3. If the germs v; and wy are in a same B(p, q) space,
then the solution w of problem (1.1) (in the case of an operator with simple
characteristics) could be written

u(z) = Z ui(ki(z), )

with u; eﬁ(p,q) fori=1,...,d.

Also, this theorem gives a result on the order of the polar singularity
of the solution. This type of result could not be get for an operator with
multiple characteristics of constant multiplicity. Indeed, Y. Hamada [2] gave
the following very simple counterexample

[D§ — Diju(x) =0,
1
u(z) = — for zg =0,

Dou(x) =0 for zo = 0.

The solution is

(@=L LS ()"

u(zr) = — + — — — ) ;

xr1 T (2n)' I ’
n=1

then the solution u have only essential singularities on the double characteristic

hypersurface
K = {x; 1 =0}.

83. Recall on the Monodromy

We come back to the problem (1.1)
d
a(z, D)u(x) = Z v (t, x) =i (2)’
i=1

Dbu(z) = wh(t,x)|t:zl for zp =0, 0 < h < m.

The solution of this problem could be written under the form

d d
u(z) = Zui(t’x)]t:m(z) = Z[DZ)n*miD;ni Ui(t,x)]’t:ki(m)
i=1

1=
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where U; is a germ at point (ai,a) which has a holomorphic extension on
R(D,)x &Y. U= (Uy,...,Uy) is the solution of an integro-differential problem

(D" — Ay (z, D))U => APz, D)D;'U(t,x) + ym(t, 2),
lel
(3.1) . i
(DI — Ay (z, D)) ZA (x, D)D;'U(t,x) + yn(t, z)
lel

forzg=0,0<h<m

with £ a finite subset of Z*. The operators A, and A?, for h =0,...,m
and [ € L, are holomorphic linear differential operators whose coefficients are
holomorphic in 2. The assumptions about operators’ orders are the following

orderAy < h, ordery, Ap < h,
h+1—-1 ifl<0

Al < ’
”*rl—{h+z if 1> 0.

Now, the functions y,, h =0, ..., m are defined.
Ym (t, ) = (a1(x) Dy M1 (L, x), . .., aq(z) Dy Mvg(t, x))

where a; are holomorphic functions on 2 and, for 0 < h <m — 1,

m—1 m—1
= (Z Py pn(z’, Dy Hwg(t, 2), .. Z Py (2, Dy Y wg(t, a:))
k=0 k=0

where P; ; 5 (2',€) is polynomial function in { € C with holomorphic coefficients
in the variable #’. This kind of integro-differential problem was studied in [3, 4].
Section 4 of [1] shows that if the datas of problem (3.1) are of finite dimensional
determination, then

Fo.aCF

where F' is a finite dimensional vector space invariant under analytic continu-
ation. F' is spanned by the generators’ system

(3:2) (5(Qs15(8)), 5(8y))

1<j<q’
with the following notations
o (B)1<j<q is a basis of F(a )y Where y = (Y05 - -y Ym),

e S(y) is the solution of problem (3.1),
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o (Qstru) = yep+ Al(@,D)PLii(u), LT ={l € L; I >0} and
Pgil (U) = (Dt_lu)(;:tl — Dt_l(u(;il).
We can show that PL.,(u) is holomorphic in a neighbourhood of the origin of
C, x CI™, that PLi,(u) = 0 if u is holomorphic in a neighbourhood of the
origin of C; x C?T! [1]. Moreover, if y is holomorphic in a neighbourhood of the

origin of C; x C?*!, then so is S(y) [4]. Hence S(Qs+15(0;)) is holomorphic
in a neighbourhood of the origin of C; x CIT1.

These results allow us to show that a matricial representation of the auto-
morphism 6 — 6., where v € I'(4, 4)(D., x ), in the generators’ system (3.2)

0

where M is the matricial representation of AY in the basis (3;)1<;j<q-

could be written

At last, for all ¢ = 1,...,d, thanks to the results of section 3 of [1], we
know that there is a vector space F; of finite dimension which is invariant under
analytic continuation such that

w;
F(ahll) C Fi.
There is a generators’ system of F; such that a matricial representation of the
automorphism 6 +— 6, in this generators’ system is

(42)

Moreover, in section 5 of [1] the following fact was shown. If 1 ¢ os(y), then
there is a finite dimensional vector space invariant under analytic continuation
F;, such that 7

(a1,a
cial representation of the automorphism 6 — 6, in this generators’ system is M.

e Fi7 and a generators’ system of F; such that a matri-

84. Proof of Theorem 2.2

By linearity, we can assume vy € h(p,q), v1 # 0 and v, ...,vg = 0.
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So, the following problem is studied

a(z, D)u(z) = v1(t, z) =k (2

Dbu(z) =0 forzg=0,0<h<m.
With help of previous section, the solution could be written under the form

d

zuz (t, ) |t Eq( Z Dm DUt )}|t:k7~,(z)

where U; is a germ at point (ai,a) which has a holomorphic extension on
R(D,) x Q. U= (Uy,...,Uy) is solution of an integro-differential problem

(D" — Ap(z, D)) => A7z, D)D;'U(t,2) + ym (t, @),
lel

= ZA?(x,D)Dt_lU(t,x) forzg=0,0<h<m

with
ym(t, ) = (a(x)D; "v1(t, x),0,...,0)

where a is a holomorphic function on €.

With help of section 4 of [1], we know that F(T(JI1 o) C F where F is a finite
dimensional vector space invariant under analytic continuation. A generators’
system of F' is given by

(S(Qs18(8,)), S(Pi (D"8,)). S(5))

0<j<k

where 8; = [(a(z)D; ™6,,0...,0),0,...,0] and (6;)o<j<k is a basis of F(val1 )"
Indeed, the vector space spanned by (P%, (D} 3;), 3;)o<j<k is invariant under

analytic continuation and contains F& @ (y = (Ym,0,...,0)). Moreover, since

(DY B5) € H(D,, x ), we have Qs P{%, (D" ;) = Qs—1 Pt (D" 3;) = 0;
thus we can conclude with help of Section 3.

Remark.  We can show that F' is spanned by

(4.1) (S(QsS(8,)), SR (D} 5,)), 8(8)

0<j<k’
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Indeed, thanks to lemma 3.4 of [1], we get

Pl(u) = Ps-15(u) = Py (u) + Pj(us—1);

€

but P!(u) =0, so P!, (u) = —P}(us-1). Then we have
Bt (DY 6) = =P (DY B;)5-1)-

But the vector space spanned by (D} 3;)o< <k is invariant under analytic con-
tinuation (because D*3; = [(a6;,0...,0),0,...,0]), so P*, (D" {3;) lies in the
vector space spanned by
(S(Qsx1S(8)), S (DF"8))), S8)) -
0<j<k
Now, from definition of operators Q. and from the fact that S(u), = S(u,) +
S(Q+S(u)), we have

Qs-15(8;) =—Qs((S(85))s5-1)
=—QsS((Bj)s-1) — Qs(S(Qs5-1(5;)))
=—Qs5((B5)5-1)

because S(Qs-15(8;)) € H(D, x ). Now, since the vector space spanned
by (P(D76;), Bj)o<j<k is invariant under analytic continuation and since
P (D} ;) is holomorphic on D, x Q, Q55((f;)s-1) lies in the vector space
spanned by

(S(Qs5(8)), S(P(D}"5,)). $(8)

0<j<k

Hence, F is spanned by the generators’ system (4.1)

First, we look to the case p # 0.
There is a basis of F’ (”all a) such that the matricial representation of Aj' in this

basis is _
e2z7rp 1

6217rp 1
62171'1)

So, by Section 3, we know that the solution of problem (1.1) is of finite dimen-
sional determination and could be written under the form

d
u(zx) = Z w;(ki(x), z).
i=1
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Moreover, always by Section 3, since 1 ¢ o (vy), there exists a finite dimensional
vector space F; invariant under analytic continuation which contains F(lf;ha)
and such that M is a matricial representation of the automorphism 6 — 65 in
a generators’ system of FZ

The end of the proof use corollary 3.1 of [1] which is recalled.

Corollary 4.1.  Let F' a finite dimensional vector space, A € L(F') a ho-
momorphism whose a matricial representation in a generators’ system is given
by a matriz M. Then, we have

o(A) Co(M)

where o(A) is the set of eigenvalues of A and o(M) is the set of eigenvalues of
M.

Hence, with help of Theorem 2.1 and Corollary 4.1, we deduce that u; €
h(p, q) for p # 0.

Now, we look to the case p = 0.
We have

q
vit,z) =Y ag(t,z)[Int)*
k=0
with a, € H(D,, x Q). By linearity, two cases will be studied:
1. vi(t,7) = ap(t,z)[Int)* with 0 < k < q— 1,
2. v1(t,x) = aq(t, z)[Int]?.

First case — Let (6p,...,0k) a basis of F(”al1 o) Such that the matricial

representation of the automorphism Aj', in this basis, is

11

My =

We recall that ) = Kaj, where K € C*.

A matricial representation of 6 +— 65 in the generators’ system (4.1) is
given by

Tdap4o B
4.2
(4.2) (0 Mk+1>
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B Idp4q
Idj 41

and Id; is the identity matrix of dimension j.

where

Indeed, we have
o 5(Qs5(8)))s = S(QsS5(8;)) because S(Qs5(85)) € H(Dy x &),
o S(PP(DIG;))s = S(PP(DIB;)) because S(P(DB;)) € H(Do x ),

e S(Bj)s = S(Bjs) + S(Qs5(8;)) and Bjs = Py (D" B5) + B + Bj—1 with
ﬂ—l =0.
The matrix (4.2) could be written in an another basis, under the following
Jordan’s form

Tdog 14 0
4.3 ;
(4.3) (0 My 2
the matrix of change of basis is
C D
4.4 .
(4.4) <0 Idk+1>

Using the matrix of change of basis (4.4), we define o, ..., Yok, Yo, - - -, Vrr1
like this

-

<
I
=}

wj = (01,3‘5(@65(5@)) + ci+k+17jS(P§”(D2”6¢))) for j =0,...,2k,

(Ci,2k+1S(Q55(ﬁi)) + Ci+k+1,2k+1S(Pgn(Dlnﬁi)))a

&
I

~
Il
=]

k
¥ =Y (dig-1S(QsS(8)) + dissr i1 S(B (D 5))) + S(i-1)
i=0
forj=1,....k+ 1.
where the matrix C' is denoted by C' = (¢; j)o<i j<2k+1 and D is denoted by
D = (d; j)i,; with 0 <i <2k+1and 0 < j < k. We can note that ¢o, ..., @
and 1)y are holomorphic on D, x€)'. F is spanned by (¢, . .., 02k, Y0, - - -, Vk+1)
since (4.4) is a matrix of change of basis and a matricial representation of the
automorphism 6 — 65 in this generators’ system is given by (4.3).



MONODROMY AND CAUCHY PROBLEM 429

The following lemma is fundamental to end the proof of Theorem 2.2.

Lemma 4.1. Let F a finite dimensional vector space invariant under
analytic continuation such that F([él "
generators’ system such that a matricial representation 6 — 05, in this genera-

0

where M is a Jordan’s matrixz and 1 is an eigenvalue of M. Then, the solution
of problem (1.1) could be written under the form

y C F. Assume that F is spanned by a

tors’ system, could be written

d
Z ui(t, x)|t=ki(ac)
i=1

with F(’f;'l a) C F; where F; is a finite dimensional vector space invariant under
analytic continuation such that a matricial representation of the automorphism

0 — 05 of F; in a generators’ system is M.

Proof. We note M = diag(Jy,,...,Jx,) where Jy, is a Jordan’s matrix
with unique eigenvalues A;. We assume A; = 1. Also, we note (g, ¥;)ri, where
or € H(Dy, x ), ¥y € H(R(D,,) x '), a generators’ system of F' such that a
matricial representation of 6 — 65 in this generators’ system is

Id 0
0 M)~
We have, for alli =1,...,d,

Ui(t,z) = veph + Y .
k I

We note ¢ = (3, vkl )1<i<a and (¢, ...,y ) the generators’ system associ-
ated to the Jordan’s block J;.

First, if, for { = 1,...,0', iy = 0, then we note ¢y = ¢ and we add to
1[)0 some vectors U1, ...,y to form a vector space invariant under analytic
continuation such that a matricial representation of the automorphism 6 +— 65,
in the generators’ system, (1;0, e ,1[)1/) is Ji. We note, for [ > U, iy = .

Then, we have
U; = ZMW;-
1
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So, we have F (Ziha) C G; where Gj is the vector space invariant under analytic
continuation spanned by (1@;); such that a matricial representation of the au-
tomorphism 6 — 65, in the generators’ system (1/31)1, is M. Hence, by virtue of
u; = Dy~ D" U;, we have F(“af‘ha) C F; where F; is a vector space invariant
under analytic continuation such that a matricial representation of the auto-
morphism 6 +— 65 is M. We have to note that if ¢ € H(D, x Q') then, by
construction so is 1/;0~

Next, we note lg = max{l =0,...,I'; u; # 0}. So, we note
b= 1>

b= ifl<lo,

Pr, =i, + Lﬁp
Hig
and we add to (1;0, . ,1[)10) some vectors 1/310+1, . ,1/31/ to form a vector space
invariant under analytic continuation such that a matricial representation of
the automorphism 6 — 65 in the generators’ system (1&0, e ,zﬁl/) is J1. We
have to note, in this case, that if g € H(D, x Q') and ¢ € H(D, x ') if
lo = 0 then, by construction, ¢y € H(D,, x ).

Then, we have
U, = Z R
l

So, we have FUi ) C G; where G; is the vector space invariant under analytic

(a1,a
continuation spanned by (1/31)1 such that a matricial representation of the au-
tomorphism 6 — 65, in the generators’ system (z[?l)l, is M. Hence, by virtue of
w; = Dy " D" U;, we have F(ifiil,a) C F; where Fj is a vector space invariant
under analytic continuation such that a matricial representation of the auto-
morphism 6 — 65 in the generators’ system (Dj"™ " Dy 7]1;)[ is M. This is end
the proof of the lemma. O

The matrix (4.3) is a Jordan’s matrix; so, with help of Lemma 4.1, we
could write

u(z) = Z ui(ki(z), )

with F &”1 o C F; where Fj is a vector space invariant under analytic continu-
;
ation and such that a matricial representation in a generators’ system is given
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by Mj42. Hence, with help of Theorem 2.1 and Corollary 4.1, we have

k+1

ui(t, ) = Z a;(t,z)[ln t)
3=0

where a; € H(Dw x Q) and a1 = KiDg%m’;D:“%% where 1 is given in
the proof of Lemma 4.1. By construction, we have 1y € H(D,, x ') because
©0, - -+, P2k and 1Py are holomorphic on D, x € (1&0 is eventually null). Hence
u; € h(0,k +1).

Second case — As previously, a generators’ system of the vector space F
is given by

(S(QsS(3). SR (D)), S(8))

where §; = (a(z)D; ™6;,0...,0) with a € H(S2).

We have to remark that, since 6y € H(D,, x Q), we have S(5y) € H(D,, x @)
and then S(QsS(8o)) = S(P{ (D Bo)) = 0.

Then, a generators’ system of F' is given by

0<I<q

(S(QsS(8)). SR (D" 31)). S (Bo). S(51) )

1<i<q

and a matricial representation of the automorphism 6 — 65 in this generators’
system is given by

(4.5) Idyy, B
0 Mg
where
01
B _ 01
o1
01

This follows from the same fact as above and S(8y) € H(D,, x ).
Now, (4.5) could be written in an another basis under the form

Ids 0
4.6 a .
w0 (1,)
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The matrix of change of basis is

4.7) @Mqﬁ)

where
€1...€2¢
0...0
E:
0...0

Using the matrix of change of basis (4.7), we define @1, ..., paq, Yo, - . ., ¥, like
this
q

25 = > (s S(QsS(8)) + coras S (D} B))) + €;(60)
- for j=1,...,2q,

q

;= Z (di,jJrlS(QéS(ﬁi)) + di+q,j+1S(Pg@(Drﬁi))) +S(85)
- for 5=0,...,q,

where the matrix C is denoted by C = (c¢;j)1<ij<2¢ and D is denoted by
D =(d;;)i; withl1 <i<g+1and 1< j<2q. We can note that ¢1,...,pa,
and 1o are holomorphic on D, x Q. F' is spanned by (¢1, ..., 02, %0, - -, ¥q)
since (4.7) is a matrix of change of basis and a matricial representation of the
automorphism 6 — 65 in this generators’ system is given by (4.6). So with help
of Lemma 4.1, we could write

d
u(z) = Z ui(ki(z),z)

with F (’(‘1 "'1 o C F; where F; is a vector space invariant under analytic continu-
ation and such that a matricial representation in a generators’ system is given
by Mg+1. So, with help of Theorem 2.1 and Corollary 4.1, we have

q

ui(t, ) = Z a;(t, z)[ln t)7

Jj=0

where a; € H(D, x @) and a, = K;DJ""™ D™} where 1)y is given in the
proof of Lemma 4.1. By construction, we have g € H(D, x Q') because
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., p2q and g are holomorphic on D, x €. Hence u; € h(0,q). This is

end the proof of Theorem 2.2.

(1]
(2]
(3]

(4]

(5]
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