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Extension of smooth CR mappings between
non-essentially finite hypersurfaces in C3

Henri-Michel Maire and Francine Meylan(')

0. Introduction

Let M be a real analytic hypersurface in C? containing 0 and let M’ be the
algebraic hypersurface in C? defined by

(0.1) Imw' =|2]|2+Rew'|25|?, (21,2}, w') € C3.

For any ¥’ <0, the function (2/,w’)—1/(w’—ib') is holomorphic in C3\ {w’=ib'}D
M'; therefore its restriction to M’ is a CR function which does not extend holo-
morphically around (0,0,:b’). A classical argument using Baire’s category theorem
(see [HT, p. 125]) guarantees the existence of a CR function on M’ which does not
extend to a full neighborhood of 0€ C3. In contrast, for CR mappings we have the
following result.

Theorem 1. If h M—M' is a smooth CR local diffeomorphism ot 0 with
h(0)=0, then h extends to a holomorphic mapping in a full neighborhood of 0 in C3.

As we shall see in Corollary 1.2, if h satisfies the hypothesis of the theorem
(more generally if 4 is of finite multiplicity) then M is of finite type. After Trepreau’s
theorem we know that any CR function on M extends holomorphically to one side
of M; therefore Theorem 1 is equivalent to a reflection principle (cf. Baouendi and
Rothschild [BR3]). Because we do not assume M to be algebraic, and because M’ is
not essentially finite, Theorem 1 does not follow from the recent results of Baouendi,
Huang and Rothschild [BHR] nor from those of Baouendi and Rothschild [BR2].
Notice that M’ is holomorphically non-degenerate in the sense of Stanton [S].

Theorem 1 may be generalized as follows.

(*) The second author was partially supported by the Swiss NSF Grant 2000-042054.94/1.
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Theorem 2. Suppose h: M — M’ is a smooth CR mapping of finite multiplicity
at 0 with h(0)=0 and the Levi form of M has a nonzero eigenvalue at 0. Then h
extends to a holomorphic mapping in a full neighborhood of 0 in C3.

Remark. We do not know whether the conclusion still holds without the hy-
pothesis of non-degeneracy of the Levi form of M.

In order to relax the finite multiplicity condition, let us be precise with some
notions. After a local holomorphic change of coordinates, we may assume that A
is locally given by

(0.2) Imw=¢(z,Z,Rew)

where ¢ is a real analytic function in a neighborhood of 0€C? xR satisfying the
identity ¢(z,0,w)=0. Such coordinates (z,w) are called normal coordinates. Let
h: M — M’ be a smooth CR mapping such that £(0)=0; we will denote by (F1, F2,G)
the holomorphic formal Taylor series of h at 0 (cf. [BR1]) and write

Fi(z,w)= Z Fij(z)w?, Fy(z,w)= Z Foi(2)w’.
j=0 j=0

Denote by [ the least element of NU{oco} such that Fj; or Fy is not constant.
Definition. (Cf. [M2]) We say that h is tangentially finite at 0 if | is finite and

(0.3) dimg C[[z]]/(Fll(z) -—Fll(O), Fgl(z)—le(O)) < 00.

It is called transversally submersive [resp. transversally non-flat] at 0 if
oG

(0.4) 0 (0)#0 [resp. G#0].

Note that because h(0)=0, h is tangentially finite with [=0 if, and only if, h is
of finite multiplicity. The above definition as well as the integer | are independent
of the choice of normal coordinates if h is transversally submersive (see [M3]).

We may now state the two other extension results we prove in this paper.

Theorem 3. Let M be a real analytic hypersurface in C® non-flat at 0 and
let M’ be defined by

(0.5) Imw = (Rew')™ (|2, +Rew'|z4|?), (2,25, w') € C?, m'eN*.

Suppose h: M— M’ is a smooth tangentially finite and transversally non-flat CR
mapping with h(0)=0. If h extends holomorphically to one side of M near 0, then
h extends to a holomorphic mapping in a full neighborhood of 0 in C3.

When m’=0, the corresponding statement requires more hypotheses.
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Theorem 4. Let M be a non-flat real analytic hypersurface in C® of infinite
type and let M’ be defined by (0.1). Suppose h: M—M' is a smooth tangentially
finite and transversally submersive CR mapping with h(0)=0. If h extends holo-
morphically to one side of M near 0, then it extends holomorphically to a full
neighborhood of 0 in C3.

Remark. Theorems 1-4 have obvious generalizations to the case where M is
a real analytic hypersurface in CPT9t! and M’ is the algebraic hypersurface in
CPt+atl defined by

(0.6) Imw' = (Re w')m,(|z{|2+...+|z;|2+Re W (|21 P4+ 2p s g*))

Some of the results presented here have been announced in Meylan [M1].

Acknowledgment. We thank the referee for his careful reading of the manuscript
and for some valuable suggestions.

1. The basic relation and its consequences

The following notation will be used throughout:

M ={(z,w) € C*®|Imw = (2, Z, Rew)},

with ¢ real analytic at 0; (F}, F, G) denotes the holomorphic formal Taylor series
of h at 0, with h(z, s+ip(z, 2, 8))=(f1, f2,9)(2, Z, 3).

Lemma 1.1. Let h: M— M’ be a smooth CR mapping with M’ defined by (0.1).
Then

(1.1) (2, 2,0) (g—i(O)—i—O(]z[)) = |Fi(2,0)]2, zeCZ

Proof. On the formal power series level, we have for (z,w)eM:
(1.2) G(z,w)~G(z,@)=2iF(z,w)F|(z,©)+i(G(2,w)+G(z, D)) Fa(z,w) F2(Z, ).

Replacing w by ip(z, 2,0) in (1.2), we get an identity for formal power series in 2, Z;
putting 2=0 and using ¢(z,0,0)=0, we get G(z,0)=0, that is G(z, w)=wG(z,w)
for some formal power series G. Replacing now w by i¢(z, 2z,0) in (1.2), we obtain

#(2,2,0)(Re G(0)+0(2))) = |Fi(2, ip(z, 2,0))|” = |Fi(2,0) +ip(z, 2, 0)R(z, 2)|?
=|F1(2,0)]*+¢(z,2,000(|2])
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WhereﬁR is some formal power series. The lemma will be proved as soon as we know
that G(0) is real. This general fact is quickly verified below.

Because G is the Taylor series of the third component of 2 at 0, the Taylor
series of g at 0 is G(z, s+1i¢(z, Z,s)) and hence
dg oG
—=(0)==——/(0).
95 0= 75,0

When we differentiate the relation

(1.3)

g—-g=2if1fi+i(g+7)f2f2
with respect to s, we get (8/0s)(g—g)(0)=0 and hence (0g/9s)(0)eR. O

Corollary 1.2. Let h: M— M’ be a smooth CR mapping of finite multiplicity
at 0 with M’ defined by (0.1). Then M 1is of finite type at 0.

Proof. Because M’ is of finite type, this result is a consequence of [BR2, p. 486],
but we give a direct short proof in our case.

Suppose M is not of finite type at 0. Then ¢(z,z,0)=0 and hence, after (1.1),
Fi(2,0)=0. Therefore dim C[[z]]/(F1(z,0), F2(2,0)) =00 which means that h is not
of finite multiplicity. O

Corollary 1.3. Suppose M, M’ and h satisfy the hypotheses of Theorem 2.
Then V,F1(0)#0 and the Levi form of M at 0 has a unique nonzero eigenvalue
whose sign is that of (0g/ds)(0).

Proof. We may find a linear change of coordinates in C? such that
©(z,2,0) = M |21|>+ X222+ 0(|2]?), z—0€C?
with some A1, A2€R. If we also expand Fi(z,0):
Fi(2,0)=a121 +as2ze+0(|2]?)

we get after (1.1)
2 2 aG 2 2 = = = = 2 2 3
()\1'251| +)\2|22| )%(0) = fa1| |Zl| +a1a221z2+a1a221zz+|a2| '22| +0(|Z' )

Therefore

0G oG e o
(14) )\1%(0):,611'2, >\2a—w(0)=fa2|2, if aj1ag =0.
Because M’ is of finite type and h has finite multiplicity, we know that (0G/0w)(0)
is nonzero (see [BR2, Theorem 1]). Hence (1.4) implies A\; \2=0. Because (A1, A2)7#0

we get (a1,a2)#0 that is V,F1(0)#0. The last assertion follows from (1.3). O
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Corollary 1.4. Suppose M, M' and h satisfy the hypothesis of Theorem 1.
Then the Levi form of M at O is nonzero. As a consequence, Theorem 2 implies
Theorem 1.

Proof. The local diffeomorphism assumption implies V,F;(0)#0 and hence
Fi(z,0) has a nonzero linear term. After (1.1), it follows that ¢(z,%,0) has a
nonzero quadratic term. [

Remark 1.5. Because the rank of the Levi form is a CR invariant and since M
and M’ are CR equivalent, it follows from general theory that the Levi form of A
has one zero and one nonzero eigenvalue.

2. First properties of the tangential components

Proposition 2.1. Suppose M, M’ and h satisfy the hypotheses of Theorem 2.
Then b extends to a neighborhood of D€ C? intersected with the following component
of C3}\M:

(2.1) {(Imw—¢(z, Z, Rew))(8g/ds)(0) > 0}.
Proof. From general theory [H, p. 51], if A is a nonzero eigenvalue of the Levi
form of M at 0, then every CR-function on M extends to a neighborhood of 0 C?

intersected with the following component of C3\ M: {{(Imw—¢(z, 2, Rew))A>0}.
Because of Corollary 1.3, this component is identical with (2.1). O

Remark 2.2. Because ¢ is analytic, the map
(2.2) (2, s+it) — (2, s+it+ip(z, Z, s+it))

is well defined in a neighborhood of 0€C3. It is a local diffeomorphism at 0 since
{0y /0s)(0)=0 in normal coordinates; the side {¢>0} is mapped into the following
side {Imw—(z, Z, Rew)>0} of M.

Definition 2.3. We will say that a germ u: (C?2xR,0)—(C,0) of a smooth
function extends up [resp. down] if there exist €>0 and a smooth function

U:{(z,s+it) e C*| |z| <e, |s+it|<e} —C
holomorphic with respect to s+it for ¢>0 [resp. £<0] which extends u.

Recall the following standard notation. Write

0 Pz, 0 .
Li=——i . . :1a2a
10z Z1+i<ps EA

(2.3)
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for the vector fields in C? x R. corresponding to the antiholomorphic tangent vector
fields to M and put

(2.4) D=det(Ljfk)1Sj7k§2.

Proposition 2.4. Let h: M — M’ be a smooth CR mapping where M’ is defined
by (0.1) with components f1, fa and g extending up. Then

D—J.cl—_ and D5—§f2_—
1+ifaf, (1+ifafy)?
Proof. Since h(M)CM’, we have
2if1 /1 L 2ifafy
1+ifofy " 14ifafy
Applying L; and Ls to both sides of (2.5), we obtain

extend down.

(2.5) g=g-

__ —xfi & (2f1f2f1 2ify ) s
2.6 Lig=—-9L . F_ 1 L./, j=1.2
@O b= R I Gy T aringe ) P
Hence
fi T, _. 7 R
. D———=—(L1GLsfo—LogL =:k;.
(2.7) ifo T, 2( 19La fa—L2gL1 f2) 1

Because fi1, f2 and g extend up, we know that k; is a smooth function which extends
down. This proves the first part.
The same argument also shows that

D( —2f1fof1 —2ifp )
=519 o

(1+Zf2f2)2 (1+Zf2f2)2

extends down. Multiplying (2.7) by D and applying L, yields

(2.8)

fife = fi
—iD?*——== L, fy=-2DL;D———+L;(Dky);
(1+ifaf,)? if> ’ 1+z’f2f2+ (D)
hence D3(f f2/(1+if2f2)?) extends down. This information and (2.8) show that
(29) D3 9f2 4 ps__ N1 _ :D3f1(1+ifgf2) _D? if1f2f:2
(1+ifafy)? (1+if2f5)? (1+ifafs)? (1+if2f5)?

extend down. Applying L; to (2.9), we get, again by the same type of arguments,

that the functions
phfe g ps_ 9
(1+if2f5)? (1+if2fs)?
extend down. This and (2.5) multiplied by fo/(14+if2 f2)2 finally proves that the
function D°gfa/(1+if; f2)2 extends down. 0O
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3. Properties of the source hypersurface

Proposition 3.1. Let h, M and M’ satisfy the hypotheses of Theorem 2. Then
M contains a one-dimensional complezx submanifold.

Proof. As h is of finite multiplicity and M’ is not essentially finite, it follows
from [BR2, Theorem 4] that M is not essentially finite. Therefore, by Proposition
4.1in [BJT], the hypersurface M contains a holomorphic one-dimensional subvariety
passing through 0. The curve selection lemma (cf. [L]), guarantees the existence of
a non-constant holomorphic curve ¢: U— M, defined in a neighborhood U of 0€C,
such that ¢{0)=0. Because we work in normal coordinates we have

0

1 ——

(0)=—=(0)=0, forall k,IeN, j=1,2;

the chain-rule applied to
c3—C3 = 2i4p(01, C1, C2, C2, (63 +53)/2)

shows that (8%c3/0t*)(0)=0, for all k, hence c3=0. Because ¢ is holomorphic and
h is CR, hoc is a holomorphic curve in M’ passing through 0. The above argument
using (3.1) is also valid for hec and gives goc=0, hence fioc=0. After a linear
change of coordinates, we may suppose (9F;/dz1)(0)#0 (cf. Corollary 1.3) and
reparametrizing ¢ we may write

(3.2) c(t)=(e1(t),t™,0), with meN*.
On the formal power series level, we have Fi{ci(t),t™,0)=0; the formal implicit

function theorem applies and gives ¢; (£)=C1(t™), for some formal power series Cj.
Because ¢; is convergent, C is convergent too. The image of the complex curve

(3.3) 3'_’(01(5)7'9’0)

is a complex submanifold contained in M. O

Corollary 3.2. Let h, M and M’ satisfy the hypotheses of Theorem 2. Then
there exists a local holomorphic change of coordinates at O such thot ¢ given by
(0.2) satisfies

(3'4) ‘P(Z?z’ 0):|Zl|2¢(2,2),
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where @ is real analytic at 0 and $(0)#0 has the sign of (0g/0s)(0).

Proof. Without loss of generality, we may suppose that M contains the curve
(3.3). Let us make the following holomorphic change of coordinates Z; =z; —C}(22),
Zy=1z9, W=w. Then the complex line {(0, Z2,0)|Z;€C} lies in M and therefore

©(0, Z3,0, Z3,0) =0.

After (1.1), we get F1(0, Z5,0)=0 and hence F1(Z;, Z2,0)= Z1F1(Z1,Zz) for some
power series Fy. Introducing this into (1.1) and using (8G/8w)(0)#£0 we obtain
(3.4). The question of sign follows from Corollary 1.3 because @(0) is the nonzero
eigenvalue of the Levi form of M at 0. O

4. Estimates for the transversal component

In this paragraph we assume that h, M and M’ satisfy the hypotheses of The-
orem 2. We also assume (without loss of generality) that

%0)50, @(z20)=|2P3(z2) and F0)>0

(4.1)
(cf. Corollary 3.2). After Remark 2.2 and Proposition 2.1, we know that h has
a C™ extension H to a neighborhood 2 of 0€C2 which is holomorphic in QN
{Imw>p(z, zZ,Rew)}. Denote by G the third or transversal component of H and
let

g9(z,z, s+it) =G(z, 2, s+it+ip(z, Z, s+it)).

Proposition 4.1. Let h, M, M’', G and g be as above. Then the following
estimates hold(?):

(4.2) G(z,w) =o(|zsP)+wge O +olful),  (z,w) 0,
(4.3) lg(z, Z, s+zt)|> 199 ( Ms+it| fort>0 and |(z,s+it)| small.

Proof. For any o, 3€N? and any j, k€N with 3#0 or k#0, we have by con-
tinuity 828209,8%G|ar=0. Therefore, using (0, 22,0)€M for z small, we see that
the functions

(4.4) 29— 07G(0, 22, 0)

(®) As usual, u(z, w)=o(v(z, w)) means that u(z, w)/v(z,w)—0, as (z,w)—0.
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are holomorphic. As already mentioned, at the formal power series level, we may
factorize w in G and obtain 8282G(0)=0 for all o, N2, Together with (4.4), this
implies

(4.5) 82G{0, z2,0)=0.

Taylor’s theorem for z1+G(21, 22, 0) at 0 shows that for m>3, meN,

0 0
Q(zl, 22,0) :Q(O, 22,0)+21£(0, 22, 0)+21_,g(0, 22,0)++O(|21|m)
621 621

=0(|zl|2), z2—0.
For the same reasons, (0G/0®)(z1, z2,0)=0(|21|*), z—0. Finally, Taylor’s theorem
for G at (z1,22,0) yields

G(er,22,w) =o(|21 )+ g2 (21, 22,0)+ ol a )+ O]

= o(lz1 ) +wal (0)+ollul), ()0,
This proves (4.2). Because |w(9G/0w)(0)+o(|w|)|>3|w|(0G/0w)(0), for |(z,w)]
small, to prove (4.3), it is enough to verify
(4.6) |s+it+ip(z, 2, s+it)| > L(|s+it]+]z[*3(0)) for t>0.
Using (4.1) and (8¢/0s)(0)=0, we get after using Taylor’s theorem:
©(2, 2, s+it) = p(z, 2,0)+o(|s+it]) = |21 |2(H(0) +0(1))+o(|s+it]).
Hence
[s+it+ip(z, Z, s+it)| = |(s+it)(1+o(1)+ilz1|*(B(0) +o(1))],
as (z, s+it)—0 and t>0. The following elementary inequality

1

%

(|s+it|+r) forr,t>0

may be perturbed to give
|(s+it)(a+ib)+ir(c+id)| > 2 (|s+it|+r) for r,t>0
where a-+ib and c+id are sufficiently close to 1. The proof of (4.6) follows. O

Corollary 4.2. Under the hypotheses of Theorem 2 with the choice (4.1), the
function D® fa/(143|f2|%)? extends down.

Proof. After Proposition 2.1 and Remark 2.2, we know that fi, f» and g extend
up. Therefore Proposition 2.4 applies and shows that D®gfs/(1+i|f2]?)? extends
down. Of course, D% fs/(1+i|f2|?)? is C* at 0€C2xR. Because g extends down
and is bounded below by (4.3), we may apply Lemma 4.5 of [BR3] to conclude that
Dsfz/(l—l—llfz|2)2=(1/§)D5gf2/(1+2if2|2)2 extends down. [
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5. Proof of Theorem 2

Let us assume that h: M — M’ satisfy hypotheses of Theorem 2. The finite
multiplicity assumption guarantees (cf. [BR1, (3.18)]) the existence of a multi-index
v€N? such that

(5.1) LYD(0)£0

where L and D are defined by (2.3) and (2.4). If we take care to choose v minimal
with respect to the following lexicographic order on N?:

(5.2) a<f <= a1toax<pfi+08;0r a;taz=01+0; and a; < B
then we also have
(5.3) L37D5(0) #£0.
Indeed, the order (5.2) satisfies
a,BeN? a+B8=2y =— a=<vyorfB=y;

and Leibniz’ formula gives
2
L7"D¥0)= 3. (27) L*D(0)LP D(0) = ( 7> (LY D)2(0) #0.
a+pf=2y o g

Using now
a,BEN? a+8<2y = a<vyor <7,

we see that
L°D?*(0)=0 for 6 <2y.

By iteration, we get (5.3).
Go back to Proposition 2.4 and rewrite (2.7) as

(5.4) Dfi=(1+ifsfa)ki.

Applying L?, for a€N?, to both sides gives

D)= Y ()@ Qrifaf)) (T k)

o' +a’'=a
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and hence, at 0,

0= > (s,)L"’(1+ifzfz)(0)La”k1(0).

a'+a’''=o

By induction on o and using (1+if2 f2)(0)#0 we get L%k (0)=0 for all «€ N2. This
implies

(5.5) L*(fok1)(0)=0 for all @ € N2
Application of L7 to both sides of (5.4) may also be written as
(LYD)f1 =L k1 +ifo2L7(fak1)
That is, after (5.1)
(5.6) f+hui+v =0
with uy=—4LY(fok1)/L"D , vi=—L"k1 /L7 D extending down and from (5.5) we
have u;(0)=0.

Using L%, Corollary 4.2 and (5.3), we prove in the same manner that f,
satisfies an algebraic relation

(5.7) fz+f2’d2+f22u?,+’02=0

with ug, us, ve extending down and u2{0)=0. The implicit function theorem enables
us to solve the system {5.6)—(5.7) and show that f; and f» extend down. From (2.5),
we deduce that g also extends down. From Lemma 2.2 of [BJT] it follows that A
has a holomorphic extension near 0 in C3. The proof of Theorem 2 is complete.

6. Proofs of Theorems 3 and 4
Lemma 6.1. Let weC{z1,xz2,y} be defined by

_ m’ m'+1
(6.1) y2iw = (y_-;-_w) 1+ (%) 29, m >1.

Then

Wz, z2,y) =y+y™ Y Aa(y)ziz3?, Aa€C{y},
«eN?\ {0}
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where Ay o=—2i and Ap,1=—2iy.
Proof. After the implicit function theorem, we may write

— a0 i
w= E B, ;2 3%y’
a€NZ, jeN

For =0 in (6.1), we have 3~ By ;57 =y, and hence
w=y+ Z By (y)x]*x5?, with By ZB Y
|a|>0

Let us insert this expression into (6.1); we get
(6.2)

—% Y Ba(y)a® = (y+% > Ba(y)xa)MI$1+<y+% > Ba(y)af°‘>m/+1w2-

|| >0 || >0 || >0

When y=0, this implies that B,(0)=0 for all «. Because the right hand side of
(6.2) has a factor y™, each B, is divisible by ym'. The expressions for 4; o and
Ap,1 follow directly. O

Proof of Theorem 3. Without loss of generality, we may suppose that fi, fo
and g extend up. Because h{(M)CM’', Lemma 6.1 yields

(6.3) g=g+g™ > Adlg)lfil* | f2l*.

€N\ {0}

Applying L;, for j=1,2, gives

Lig=g™ > Aalaa S f52 T 5 Lifut o SR S5 0 5T L o)

|} >0

—gm,(—2’if1+51(f1,f2,g, ,fl,fQ))Ljfl+gm/(_2igf2+52(f1,f2,g,]?17fZ))LjfT2

with S7, S2 being convergent power series such that

£o40,0,6. . o) =

Hence, with D=L, fi Ly fo— Lo f1 L1 fo:

Sj(070797f17f2) (0 Og,fl,fz) 0.

3f

ngl(—%f1+51{f1,f2>9, fi, f2)) =k,

(6.4) , ol
Dg™ (=2igf2+S2(f1, f2, 9, f1, f2)) = ka,
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where ki and kg are functions which extend down.
Under the non-flatness condition (0.4), we may use Lemma 3.12 of [M2], a
detailed proof of which is given in [M3]. Therefore g is divisible by s* for some &:

g(z72?3):3k91(272a 8)7 with gl(o)#o

Division by g in the class of functions which extend down is then possible because
Corollary 4.8 of [BR3] applies. Conjugation of (6.3) gives

(6.5) g:g(1+gm’~1 )y Aa(g)lfll"”lle"’)

|| >0

and hence g™ =g™ (1+4...) where the dots do not contain constant terms. From
(6.4) we get
D(fi+Ti(f1, f2, 9, F1, f2)) = w1,

(66) D(gf2+T2(f1?f21gaf17f2)):v27

where T7, T5 have no linear terms in f and vy, v2 extend down.
From the tangential finiteness assumption, Proposition 3.1 of [M2] asserts that

LPD(z,%,5) =5 Dg(2,%,s) for all 3cN?

and there exists « such that D, (0)7£0.
Applying L to both sides of (6.6), we get
szzDafl +S2IR1 (fla f2) ’LL) = La@l)
SQlDagfz -|-—S2lR2(f1, f2, u) = L%vs,
where u is a finite set of functions extending down and R;, R> do not contain linear
terms in f. After dividing by s% and use of the implicit function theorem we obtain

that f; and gf; extend down. Hence with the same trick as above, f; and f5 extend
down. Finally (6.5) shows that g extends down. O

Proof of Theorem 4. Because M is assumed to be of infinite type and h is
transversally submersive, it follows from [M3] that

9(2,2,5) =5g:(2,T,5)  with 1(0) £0.

Therefore we may divide by g in the class of functions which extend down.
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Proposition 2.4 applies and with the above remark asserts that

DA 4 D
1+ifaf2 1+ifafo

extend down.

The proof of Theorem 2 in Paragraph 5 may be reproduced with adjunction of
a factor s?, where | comes from (0.3), in each formula from (5.1} to (5.5). Indeed,
the following observations are used:

(1) If M is of infinite type, v is smooth and peN then L*(sPv)=sPv,, with v,
smooth.

(2) D(z,%,8)=8%Dq(z,%,s) (see [M3]). O
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