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- Second Microlocalization and l’rbpagation Theorems for the Wave Front Sets

P. EssErR : ' . i -

\ . , \
Es wird gezeigt, wie die Menge der zweitén analytischen Mikrotriger zu definieren ist, um Aus- '
*, breitungseigenschaften fiir differenzierbare,” Gevrey- oder analytisché Singularititen von
N . . — . . DO A e ‘
. Distributionen ohne zweiten analytischen Triiger zu érhalten, N : -~

[TokasnBaeTcs, Kak CiejlyeT ONpeAeIuTh BTOpOLi anaauriuécku! MHKPOHOCHTENHL 4TOOK
TONYUNTL CBONCTBA pacnipocTpanénua anA nuddepenumpyemux, Gevrey- UAM AHATUTH-
IeCKIIX CHHIYJApHOCTell 00o0wennnx Qynkiuit 6e3 BToporo AHATHTHYECKOI'0 HOCHTEIIA.

There is showed how to define the second analytic'wave front set in order to obtain propagation
properties for differentiable, Gevrey, or analytic singularities of distributions without second
. analytic support.

s

0. Introduction

‘M. KasHiwara [4] introduced the notion of a second microlocalization along an
involutive manifold of T*R". J. Ss6sTRAND [10] defined the second analytic wave

. front set (and even a k-th one) on a lagrangian manifold. Finally, G. LEBEAU [8]
spread this notion to isotropic manifolds. In this paper, we show how to adapt these
definitions in order to obtain propagation properties for differentiable, Gevrey, or
Aanalytic singularities. We introduce the second analytic'support and identify it to
the projection of the second analytic wave front set. The main ideas of this proof are
due to G. LEBEAU [8). We finally prove propagation theorems for the first wave front
sets of distributions without second analytic support.

L. Second analytic wave front set T

The (first) wave front sets have several equivalent definitions [3, 10). Here we use
the following one due to Bros-Iagolhitzer-Sjéstrand, extended to differentiable and
Gevrey singularities [2]. Let (yo, 7o) € 7*R" and let ¢(z, ) be an FBI-phase function
[10]; that is a holomorphic function in a neighbourhood of (z,, y,) € C* X R" such that

- Dyp(zo, yo) = =m0, IDjp(20, yo) > 0, Det D.Dyp(zo, yo) =+ 0.
Denote byl y(z) the unique non-degenerate critical point of y € R -> — JIg(z, y), -
(z) = —Dyp(2, ¥(2)), e(2) = (y(2), 7(2)) and. B(z) = —Iplz, y(2)). Let 1 < s < oo.
If J € &'(R*) is a distribution,with compact support, then (yq, 7,) § WF,7 if there
are a neighbourhood w of z, and positive constants &, Ci, 2, > 0 such that

~

. Ligae [e-a" . s <eo,
eV S € Yo, heN, ot ifs—oco

o o
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for all z € w, 2> 0with '

u(z, 2) = J (o), . (1.1) .~

- (y) . : '

Notlce that WK,J = WF, fand WF,, T = WFY ‘
Tet 0 <k < n, V be an involutive submamfo]d of codimension-k of 7*R® and
= (Y0, o) € V. Denote by F the isotropic submanifold of V containing g, such that

. T" & =T,V if o denotes the usual symplectlc 2-form on T*R" Consider <p(z y) an

. FBI phase function such tha.t

o) €eV i JZ =0, @ eF if J¥=02" =2z",
o) =00, P = 5 |92,

+ where 2 = (2',2") € ¥ X C""‘; For cxample, one may take ¢ as the critical value of
Ax, 0) > i(z — x)?/2 + y(x, y, 0) if p generates a real canonical transformation
such that y(Rz,, —Jzo) = gq. Then '

. {(( x, z'p(x Y, )) (./a y"l)(x Y, 0))) DBW:L ¥, 0) = 0}
= {((Rz, —I2), 0(2)): 2 € C}. ’

Let J¢ 5 (R") be a distribution wnth compact support VVe write

. . ul . ; . . oL
v u ) = [ e fmnt oy 2 de : (1,2
[2'— Rzy’| <6
where 6 > 0 is small enough and u(z, %) is given by (1.1). :
Before defining the second analytic wave front set of J, we shall give an estima-
tion of v. Let y € D({x € RE: |a' — Mzy'| < -0}) be equal to 1if |z' — Rz'y] < «. From
" the complex shift 2’ 5> 2' + zty(z) Jz', t > 0, and the continuity of the distribution
J if follows that |u(z, u, 2)| is smaller than .

‘ 2 u 3 ’
sm — — 2 2 B N2 — 2 .
/.l[exp(2(1_/‘(1 t)+t)|7z,+2|32|)‘
+ ex ( gz -;zz 1922 + =92 —’—“12-) (1.3)
TP e P "3 si—mw )
if | Rz — Azy'| < oc/2. Taking ¢ = u, one obtains

oz, 1, )132mexp( |92 + '!Jz"'f?) : 1y

if |2 — Rzg'| < af2, |27 — 2| < 6, || < C, ;> i, 0 < g < pg, provided that
#o(2 — po) < a?f4. For D,v (j=1,...,k) an analogous estimate with a factor

holds.

. Definition 1.1: If J2’ = 0, we denote by (2, ¢') the class of
Doz — iuc’, 2")|u=0 in Noyel(V) = Toef(T*RY)/ TV -

‘Let 1 < s < oo. The second amlﬂzc wave front set WF) ,J (resp. VV F2 .7 ) on
V (resp. F) is the closed subset of N(V) (resp. T*F \{0}) defined by (oo, r(zo, ‘70))
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¢ WF 7 (resp. WFg, ) if there exist some constants & 7, fo > . 0 and a de-
creasing function f in (0, ) such that

v
]

[o(z, 1, 2)] < exp( | T2 [2 - |<72”|? — e;u'.)
when : C '
0 <p<pos 4> fp), ' ’ S
|2* — (20" — 100')] <7, 12" — 2] <1 (resp. 7Yu)
with ' ‘ . )
. _ .- s
T, A Ay >0, o =—— i1 <s < oo,
Cfly =37 -1
, o 2%>0, ju=min2,m >0 ifs=oco!

If Qisan opén subset,“of R” and J € D'(2 ) is a distribution in 2, we say that (00:‘
(20, 0o ")) ¢ WE2,J (resp. WFE ;. J) if the same condmon holds for <p<7‘ where
@€ D(.Q) is equal to 1in a neighbourhood of Yoo '

In the terminology of [5; 9] the case s = oo defines a temperate second wave front
“set. The untemperale onc is given by s = 1. Of course, the, sets WF{®), and W'F,‘,“; ¥

" are increasing with s. .,

Proposition 1. 2 We have (go, T(20, 00')). 6 WF,‘f;VcT (resp WF,?} rJ) z/ and onlu'
if there exist 1, 29, uo > 0 and a consta,nt M>0if1<s=o00,a decreasmg function
A(m) z/ s =1, such that

en if s=1,

[o(z, g, ] < exp (%IJz'P Z gz — wl) et if. 1 <5< oo,
. : N Moif s=o0
' S ' ' I ©(15)

when 1> 25, 0 <',u < pos |2 — (20" —104")| < 74 ]z" - zo"l < 7 (resp. rl/;) and
i>Mn),n>03ifs=1 . "

"Proof: Suppose (p(z0), 7(2o o’ )6 WFf}VY (resp. WF“FLT)A. From the con-
tinuity of f it follows that _ ) -

dn

e dygep
(e, 1, N sHer RN

e—t;ul e!yl . . -

with : .
Aftem if - Augsmlini, '

Hem < Qe if. Jue < Ay, 2= 2, - _

. elntend if ; 2 9(77) .

In the last case, we put A(n) = sup (f(n/2e) g(n/2) ) For 72 > i(n), one has whether
i = /2, thus A > f(u), or u < 7n/2e and A > g(n/2) gives A et < em. )

On the other hand, assume (1.5). In the case s = 1, take = u/2: Inthecase 1 < s
<' oo, notice that Mavs — - eud S —eplf2 i /,u" = (2M/e)". If s = oo, one has

2M
/M < e h2if yi > —ln ) I
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2. Second analytic support

’

The projections of ‘WF23J and WF2) .7 on V and F are in general smaller
than V n WF,J and F n WF,J . They are characterucd in the following way.

Definition 2.1: The second mzalytzc support on V of a distribution J € &’ (R") is
the closed subset of V defined by 00 & [J 1)y if there are some constants 4y, 7 > 0,
a constant M > 0if I <.s < oo, a decreasing function A(n)if s = 1, such that

~

o em if S = 1, ,. K ) '
(s, ) < e et i 1< s < oo, : 2N A)
. S B ' N

when |z — zO[ < 1,0 > Ay i > An)if s = 1and u(z, 7) is the function given by (1.1).
. The same definition holds for the second analytic support on F, denoted by [J)2

a,5,F»
if ekp( PES |2) is rcplaced in relation (2.1) by exp ( |Jz"’|2 + 2C |27 — zo”l“’) for

some constant C' > 0. . . . *

We havc' the following theorem. \

. Theorcm 2.2: The projection of WF},?;V;T (resp. WF,‘,‘;FJ) on V (resp. F) is
‘ezactly [<7 s (resp. [J’ 13 ) N

Proof: Assume (2.1). We estimate t-he function v given by (1.2) for L?IH' — Jizy|
<y | T2 0| <1y, 2V — 2| <7y (resp.r, ]//_4) To do this, we use the complex shift

LY =y +zt/(y)<72 - L o

where y € D({y’ € R¥: Jy’ — Rzy/| < 7})is (,qual to1if |y — Jizy’| < r/2 Con51der two
mtcwratlon domains. For y' € [%] the assumpmon gives the exponentlal behaviour.

—_ /'.,u' 71_'/2_"'7’/)’ o 00V \2 e ; e 0 .
_——2(1 —_— (Jz . ¥') T30 —a) (1 by ) If?zl + 5 1927 +{2012~_ZO~|2}}

)

Au A e s At ’
-J_-—-  ——
5 192 |J2"] 50— 7

";.,l R R/ 0) i Y 0
~5 () e N {a0r)

where the upper (resp. lower) part of the expression appearing in brackets concerns
the second analytic support on V (resp. F). Fix ¢t > 0 and choose g, > 0 such that
1= (1= 0% — po) >t If #(y') = 1, theré exists a ¢ > 0 such that v

[

. _( — ty(y") . 0 0 ct -
(“—;T)'”' . {20 }2“ {zcr,}%? ‘

!

Af ry s small enough and 0 < < o 110 < #(y') < 1, notice bhat |z — y'| = 7‘/4

¢ .
if 7, '< r/4. Since g_]_/(?/)_)_ 1< IL’ we obtain the announced behaviour.
. e — M — X

(S’ —y) . o
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‘For y' ¢ [\7] the-exponential behaviour is
. e — o+

ey Lig e
51— lle ‘|<7z |

2(1 ) ol \

o ),u \ 2 . u . _ . .

_ ’ —1— - zll 2 - P4 . Jt v - 12 .

S P I g T — e — g
We may conclude in the same way as above since |Rz' — y'| = r/4. - .

. Now assume (g, 7o) ¢ VVF}f;,,f (resp. Wngpf) for all 7, € Ny (V). This means
there exist constants r,, Fos Mos € > O a constant M > 0if s > 1, a decreasing func-
tion A(n) if s = 1 such that

_ o, 5 . en if s =1,
[v(z, 1, 2)] < exp ('3“ |92'[2 + 5 192" — 8/42) el if 1< s < oo,
' ~ ' S i s =00,

(2.2)

when 2> 4, 0 < W< g, |<722 — Rzy'| <1y, || T2 — 1| <2 = 2] < 7y (resp.
7 V—) and 7 > i(n) if s =.1. In order to show that o,¢ [T )2}, (resp. [T 13 F) we
need the following lemmas .

.

Lemma 2.3: Let  be a bounded open subsel of R* and a>0:.Ifuisa leomorplnc
function tn a neighbourhood of @, there are some constants C, 6 > 0 such that -

\/‘(}(x v (¢ +iatz—pI18) (1 + La(x — 7/) IEI) (./) dy

w

< Cexp ((—0d¥(Re, Cw) + 3 |Jal) I£1)

if £ € RPN\ {0}, Rz € w. Moreover,
) 1 r ) '
— . £ | eitz—p(8 +iaz— i) -+ — = K
) = (2n),,,f dt fc_ v v (1 iafi — y)- , ﬂ) ) du 23)

if Rx € w, |Jz| < —2 d?¥( Rz, Cw). - . 4 ,
Proof: Let ye€ D(ix € R™: I:L|'<. 1}} be cqual to 1 in {:i € R*: [z] < 1/2}. There

" exists an » > 0 such that » is holomorphicin {z € C*: Rz € w, |Jz| < r}. Moreover, for

- each Jx € w, there exists a & > 0 such that dp% < sup (7, 1/2a if p = d(Jz, Cw).

, Aftcr the complex shift

e
. &
&

« y—>y— wy(y) G
S

the real part of the phase function in. (2.2) is equal to
'—ft | Az — yi? |§] — Lx(y) 1§ — Tz - & +a Ic7”°|2 16 + 2aly(y) I - 5 ~+ alyA(y) IEI

C e _ y — Rx
’ t:60":~l(y)="l)(‘/ )’

' )
=—a I<7f73 — Yl — 5 5 2°2(y) ¢l + 319l 1&|

if lel < /a. If y(y) = 1 notice that |z — y| = p/2, thus
—a|fz — y|* || < —ao? |¢]/4 < —d0® |€]/2
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A

if 4 is small enough Hence integral (2.3) converges absolutely if lflxl < 6d2(c7lx Cw)/3.
To verify (2.3) we may assume z real. If ¢ € D(R") is equal to 1 in a neighbourhood
of z, it follows from [3] that

u? (27z f fe.(z »-(E+ialz— y)l‘l)(l + 2a(x —y) - é]) oly) w(y) dy

1 L . 3 co
— $(z—y) (& +Hialz— )¢ N — - —_
= Tk fdgfe( v ( ( 1-;)1 1) (1 + zé(x y)v |§|) u(y) dy

sincé
&
|&]

Lemma 2.4: If u vs given by (1.1) and v by (1.2), there exists an r > 0 such that

wto oy = L (AN . AN P ' )
= — |— — 1§/ — . , v ' ’ ’
u(z,.4) > (2”) fe 2 (1‘ T 19 DZ) v (z 1 —|5'|’4 2", u(&), ).) dé

if | Rz’ —leol < 4, ]Jz| <r u,zth,u( = |& |/(1+ €D

fe{(z “p-(E+iaz-pe) (1 + ta{x — y) - ) df = 0 if :é +yl

. Proof: Indeed, the term on the right- hand side is equal to

(;:t)‘f-—"”’”df feXp(wz -y (E +—(z —¥') IEI))

ly —Rz’[<é

5/
DAL
if | Rz’ — ;ﬂzb'i < 9§, |Jz'| is small enough I; 3 . _ -

(1 + 5 (2 — y')) wy', 2", i) dy = u(z, %)

Lemma 2.5: Let w be an open'subset of C" and f(x, s A) a kolomorphic function in w,
forallA>c>00<,u<,uoI/ :

4 - :
(T zf*
|z, s A)| £ €2 z, zE€w, A>c¢, 0 < pu < py, \
then .
. . A
—| T z|*
IDafiz, u, M| < (VA + [z, A) 22
for d(z, Co) > c12, A >'¢, 0 < p < pao. ' .

Proof: From Cauchy’s inequality for holomorphic functions, it follows that

." 1 Zqazicen 219210
IDz,/(x,#,A)IS— et

- ki

If we put = 2/(aA + ]/azA2 + 4A),.a = |Z7x,-|, we obta-in

Aa2 + 1

6 < ¢l %'(a+é)2s < ad + Y4,

" which proves the lemma 8
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End of the proof of Theorem 2.2: It remains to estimate the integral given
by Lemma 2.4 for |z’ — Rzy'| < 7, |T2'| <71, |2 — 2y/'|. < 7, 2 > ). Weshallsplit
the integration domain in three parts.

First of all, assume [£'] = uo/(1 — po). From (1.3) we deduce the followmg exponen-
tial behaviour. On the one hand, there is :

— 2l + Zigra e+ o)

, & |2 1 s
Jz _|?|_l +—2—lJz 12
(|s| 2—:)— |92] (2.4 192) — (1 + 192 |>2)+ 72
5 |<72"|2

< because of

€] (‘(2 -0 — IJZ'I (2 + 192]) = (1 + T2 = ¢ 18] — L i 11

if we choose |J2’| < r small enough and < y0/2C(1 — #o)- On the other. hand we

have
. r |2 b 4 .
— l£| + _(|§ | + t2) JZ — L % IJZ”|2 - % ?‘.2 IE’I
.- x2 ' - g A
-t [ls'l (— —172) 2 — ey 2 E ‘2]'4“ 7 19¢°
2 4 ! R IE[
s —g(e1(F-we +19¢ |>) L+ 19217) + TS L1z
Slnce . . . . |
lél(— — 1951 + 17+ ) — e e

2

— & — ¢2 e >
2 - e+ 102 z3

€] —Cr =0

if »'and ¢ are small enough/
Assume Au(&') < Ay, u(é) < po. Using (1.4) we obtain
AE)< Ay

: — [ AE A e 2 :
\ m o exp(— L ,u(E) ga +i]<72"lz .
: 2 2
11 <5/l —po) o

1
x‘(vl—}—k—ﬂ,—)dg’- ’ ) ’
€1 (1 — u(&9) .

. - ) . ) 4 .
osawbin [ e (=g o g £ i) de
2u(E) < Ao '
181 <wol(1—u4) !

‘A
L, sl I
< am el

S A . o .

ifrze?
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It remains the case 'u(&') < pg, Au(€’) > Ay The relation (2.2) and ‘Lemma-2.5
. applled with A = Au show that the correspondmg part of the integral is smaller than

~ .

o (- 118 /u(f) &
M ‘[exp<—/2 -+ IJ, E_,I

saf B(E)<po
/ WE)> A - . v\

2

. V) )
+51<72 I'z. 8#(5)4)(1+c ] d¢

. ' ..
if |27 — 2| = (resp. kg V,u(&’)). The exponential behaviour is
, 21 '

T2+ _
if we choose r such that r(2 4- r) < &. When studying the second wave front set on F,
it remains the case |2"" — z,"'| = 7, Yu(&'). From (1.4) we deduce the exponential be-
haviour . . . o . ) '

\ A A
(18] = 1921 (192 +2) + &) + 5 192" < 5 |927)°

\

I 1 Y R 0 N
g+ T Jz.—];,l + 51927
)' IZ” Z Ill rr )’ : 2 ’- . 12 2
<% 197 + 12 |J 125 19277 + A0 R — =
7?
4 v
since u(¢') < |2" — 2/27‘12. This completes the proof of Theorcm 2.2 I
. . o
3. Propagation of the wave front sets L - N

We now reach the main result of this paper: we prove propagatioh theorems for the
wave front ‘sets of dlstnbutlons without second analy tic support We need the -
following lemmas.

Lemma 3.1: Let 1 <s<ooands <. Let f(z, &) be a holomorphic’ function in
neighbourhood of x, = (xo ,Zy'") € RE Ok, If there extist some constants ¢, e, M, 7o > O

such that . . ~ ,
(.70 Qg 43200 M1l
\ i o] AM e : resp. e® . , 4/
f@, A < ¢ L _ e
’ —IJzI' . -(3 ot
. Cii*e* , k€N (resp et . ) )
ifle' — | Ze 27 — x| e 2> )0, tken ’ \ » .

- CAigem . Agarma_ 'p/u
[/(x,).)lng')."‘ezl I, . IceV (resp el e )

if |2 — 0| S 6/2, 2" — %[ S & 2 > .

Proof: Wé may assume k, = 1 and z = (z,, 2). The function
e m—e m o
h(xl).— ~ (a-rg i ) ’ L |

is harmonic in D = C{z, € C: ﬁ:v, = 0, |Az,| = é} If Jz, = 0 and |z,} < e, then
k(z,) = 1 and.if Iz, >0, ]x,] = g, then h(x,) = 0 The subharmomc, functlon

\

In 4

(x,n = li(@ + xo,,x" N — 5 Iﬂ il .M{m
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verifies - - o i
In o,, kln2 ' <
(:v /) = { s’ .}Jl(x]) . . K

if Jz, =0, |x,| < eor Jx, > 0 |:z:1| = ¢ From the maximum principle it follows
that -

e, InC, — kln 2 InC, — kln i)

v = {0 2 b < o }6 |

i 9z, >'0, %] < /2. Thus - . - )

L (€ i R
V(x 7)] =e {etc'""’ Tl - ] < g2, Iz > JZo15

" if one chooses k=M + o (resp 4 large enough) Thc same argumentatlon holds
for Ja; < Jx,, B . '

Lemma 3.2: Letw = w X be an open subset of C" Zy = (%o, 2y'') € w and pareal

.continuous function on w’’ Conszder r > 0 such that

K=" e¢C:lz; —x| <1, j=1,..., k) cow'.

Lel f(x, 2) be leuuwrﬂm, function in w such that, for each compact subsel K, of v,
thére exist some constants M; g > 0if s >'1, a decreasing function A(n) if s = 1, such
that - .

o, (e if s=1,
f(z, 2)] < elo= g eM 4f 1 <s < oo,
L SR 5 = o0,

forx € Ko,.2 > 2gifs > 1,4 > An)if s = 1. If there exist ¢, &', 6" > 0 such.that

e i s =1,
flx, 2)] S efole Je=ad | ¢ <5, if 1 <8< o0,
Cii*, k € N, if  s= o0,

or |2, — Zoj| S 6T =1,..,k, |2 — x| S 6", 2 > 2, there exzste o> Osuch that
? ’
; .
. e~ ' if s=1,
w2 < et Lemvaie if 1<s < oo,
' Ck,l—k) keN: ' Zj § =00,

when d(z, K) < 6,2 > 2.

Proof: Consider - ' ‘. v : DI
S gls,2)=1In " - sup (@, ) e=0="]
127 =288, Iz~ zoyl S8 0
jI=L...k \
We may assumeé &' < 7. Choose a > 0 such that
fx' e Chil; — gl Sr+a,j=1.5kcCw. !
¢ .

‘4.

InG+a/2) =005 +(1L~0)nG +a), €01,
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: . -
* From Hadamard’s three circles theorem it follows that |

[ +53) 006, 0 + (1~ 040 + 0,2

—eb2 + (1 — 0) ni if s =1,
= —ef2M (1 — 0) M i 1 <s < oo,
O0nCr —klni) + (1 —6) MIn2 if s—= oo,
- (=942 i < e0/2(1 — 0), '
) o — 0712 if 7 is large enough, _ A
= 1—0)M+1 ' !

lnC’k"—ll_nl i - k= 5
Theorem 3.3: Let w be an open connected subset of ¥. .

If [T pnw=0,then wn WF,J = wor wnWF,J = 0.

If[T)By nw =0, then wn WE,J = wor v n WF, ¢7—0 s’ 6[1 s).

[T vnw=0,thhnon WFT = worwn WFY

" Proof: Th(,re exists an open connected subset o’ of R* such.that o = = {o(2):
7 € o, Iz’ = 0, 2" = 2,"'}. Let 2y’ € ' and assunie o(zo) 4 WF, J . Hence, £ = {z’
€w': (z 2'') 4 WFy¢J'} is a non-empty subset of w’. If E = o', there exists a
Yo' € o' n E, where E is the boundary of E. If (3, /) is the fnnctlon given by (1.1),
there exist constants 7,,r > O a constant M > 0, a decreasmg functlon An) if
"§ = 1such that

. e eAMiT—2"1F i ¢ =1
o e [0 it 1<
ulz, A1) < e e if 1<s<oo
= 1 ’
M if s= o0,

\:vhe‘n]z—‘/o,]<r,7'-—1 kl‘. —zo|’<r'/>}0,)>/(77)1fs—1’
Sm_cc yo' € E, there exists a y,” € E such that lz; — ;| <r/d, 3 =1, k. Since
oy, 2"’ ) § WE,. T, there exist constants ¢, Cy, 6, ' > 0 such that
' ' e~ i ¢ =1,
emedt if 1 <8 <o,
C’k/. keN, if s =o0,

fa z/)|ge=' i

if |28 — 4| <6, 2" — 2’| < 6. From Lemma 3.1 it follows that

. B N B S e
ju(z, 2 S A P i 1<s < oo,
Ci k% keN, . if s =o0." - ,

Lemma 3.2 gives ' ' '

© . i " eiMlz"—z,"[‘—z'x. if s = 1’

luz, A)] < ¥ Je-e” A 1 <8 < oo,

o , Ck’)."‘v, ‘k €N, if s = 0, .

for |z; — yyl < 7/2, 2" — = ”| < é, thus for |z; =yl < r/4 Hence, o(¥'» 2"")

¢ WE, I, w hlch contradlcts ¥y € E 1

-
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