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L>-BOUNDEDNESS AND L?-COMPACTNESS OF A CLASS OF
FOURIER INTEGRAL OPERATORS

BEKKAI MESSIRDI, ABDERRAHMANE SENOUSSAOUI

ABSTRACT. In this paper, we study the L2-boundedness and L2-compactness
of a class of Fourier integral operators. These operators are bounded (respec-
tively compact) if the weight of the amplitude is bounded (respectively tends
to 0).

1. INTRODUCTION

For ¢ € S(R™) (the Schwartz space), the integral operators

Fo(z) = / 5@ q(x,0)Fp(6) do (1.1)

appear naturally in the expression of the solutions of the hyperbolic partial differ-
ential equations and in the expression of the C*° -solution of the associate Cauchy’s
problem (see [5l, 10]).

If we write formally the Fourier transformation Fe(6) in , we obtain the
following Fourier integral operators

Fo() = [ [ =0 Mae,0)p(y)dyds (1.2)

in which appear two C°°-functions, the phase function ¢(z,y,6) = S(x,0) —y6 and
the amplitude a.

Since 1970, many efforts have been made by several authors in order to study
these type of operators (see, e.g., [1} 14} [ [7, [8, [15]). The first works on Fourier inte-
gral operators deal with local properties. On the other hand, Asada and Fujiwara
have studied for the first time a class of Fourier integral operators defined on R™.

For the Fourier integral operators, an interesting question is under which condi-
tions on a and S these operators are bounded on L? or are compact on L2.

It has been proved in [I] by a very elaborated proof and with some hypothesis
on the phase function ¢ and the amplitude a that all operators of the form
(see below) are bounded on L?. The technique used there is based on the fact
that the operators I(a, @)I*(a, @), [*(a,d)I(a, ) are pseudodifferential and it uses
Caldéron-Vaillancourt’s theorem (here I(a, ¢)* is the adjoint of I(a, ¢)).

2000 Mathematics Subject Classification. 35530, 35505, 47A10, 35P05.

Key words and phrases. Fourier integral operators; pseudodifferential operators;
symbol and phase; boundedness and compactness.

(©2006 Texas State University - San Marcos.

Submitted June 10, 2005. Published March 9, 2006.

1



2 B. MESSIRDI, A. SENOUSSAOUI EJDE-2006/26

In this work, we apply the same technique of [I] to establish the boundedness
and the compactness of the operators . To this end we give a brief and simple
proof for a result of [I] in our framework.

We mainly prove the continuity of the operator F' on L?(R"™) when the weight of
the amplitude a is bounded. Moreover, F is compact on L?(R™) if this weight tends
to zero. Using the estimate given in [12] for h-pseudodifferential (h-admissible)
operators, we also establish an L2-estimate of || F|.

We note that if the amplitude a is juste bounded, the Fourier integral operator
F is not necessarily bounded on L?(R™). Recently, Hasanov [6] and Messirdi-
Senoussaoui [I1] constructed a class of unbounded Fourier integral operators with
an amplitude in the Hormander’s class S? ; and in No<p<i 5'271.

To our knowledge, this work constitutes a first attempt to diagonalize the Fourier
integral operators on L?(R") (relying on the compactness of these operators).

Let us now describe the plan of this article. In the second section we recall
the continuity of some general class of Fourier integral operators on S(R™) and on
S'(R™). The assumptions and preliminaries results are given in the third section.
The last section is devoted to prove the main result.

2. A GENERAL CLASS OF FOURIER INTEGRAL OPERATORS
If p € S(R™), we consider the following integral transformations
(@)@ = [[ = alz,b.)pl)dyas (21)
R XRY

where, z € R", n € N* and N € N (if N =0, 6 doesn’t appear in (2.1])).

In general the integral is not absolutely convergent, so we use the technique
of the oscillatory integral developed by Hoérmander in [8]. The phase function ¢
and the amplitude a are assumed to satisfy the following hypothesis:

(H1) ¢ € C(R} x RY x RY,R) (¢ is a real function)
(H2) For all (a, 3,7) € N* x N¥ x N, there exists C, g > 0 such that

05,0507 6(,0,9)| < Capy A0 (2,0, )
where \(z,0,y) = (14 |=|> + 6] + |y|?)"/? is called the weight and
2 —lal = [B] = 7))+ = max(2 — [a] = 8] = [7],0)
(H3) There exist K1, K2 > 0 such that
KiX(@,0,y) < XN8y¢,00¢,y) < EKoA(w,0,y), Y(z,0,y) € R x Ry’ x R}
(H3*) There exist K5, K3 > 0 such that
KiXz,0,y) < XNz, 0p0,0.0) < KiX\z,0,y), Y(z,0,y) € R x RY x Ry.
For any open subset  of R? x R} x Ry, p € R and p € [0, 1], we set
() ={a € C®(Q) : ¥(, 8,7) € N" x NV x N", 3Ch4,, >0
|83856§a(x,9,y)| < Caﬁﬁ)\u—p(\alJrlﬂHl'YI)(x’9’y)}

When Q = R? x R}’ x R, we denote T%(€) = I'.
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To give a meaning to the right hand side of (2.1]), we consider g € S(R? x RY x
R}), 9(0) = 1. If a € Ty, we define

as(x,0,y) = g(x/o,0/0,y/0)a(z,0,y), o> 0.

Now we are able to state the following result.

Theorem 2.1. If ¢ satisfies (H1), (H2), (H3) and (H3%*), and if a € Tl, then
1. For all ¢ € S(R™), limy— 4 oo[I(as, @)p](x) exists for every point x € R™ and
is independent of the choice of the function g. We define

(I(a,0)9)(x) == lim_(I{a,, d)¢)(x)

2. I(a,¢) € L(S(R™)) and I(a,¢) € L(S'(R™)) (here L(E) is the space of
bounded linear mapping from E to E and S8'(R™) the space of all distributions with
temperate growth on R™).

The proof of the above theorem can be found in [7] or in [I2] propostion II.2].

Example 2.2. Let us give two examples of operators of the form which satisfy
(H1)-(H3*):

(1) The Fourier transform Fi(z) = [5, e ™Y (y)dy, ¢ € S(R™),

(2) Pseudodifferential operators

A(z) = (2m) / e @000(z. y. 0))(y)dy db,

R2n
with ¢ € S(R"), a € T} (R3™).
3. ASSUMPTIONS AND PRELIMINARIES
In this paper we consider the special form of the phase function
o(x,y,0) = S(z,0) — yb (3.1)
where S satisfies

(G1) S € C*(R} xR}, R),
G2) For each (o, 3) € N2, there exist C, 5 > 0, such that
B

100088 (2,0)| < C s A, 0) 2 121=18D+

(G3) There exists C; > 0 such that x| < C1\(0,959), for all (z,0) € R*",
(G3*) There exists Cy > 0, such that |0] < CoA(z,,.5), for all (z,0) € R?".

Proposition 3.1. Let’s assume that S satisfies (G1), (G2), (G3) and (G3*). Then
the function ¢(x,y,0) = S(x,0) — yb satisfies (H1), (H2), (H3) and (H3*).

Proof. (H1) and (H2) are trivially satisfied. The condition (G3) implies
A@,0,y) < Mz, 0) + A(y) < C3(A(0,005) + Ay)), C3>0.
Also, we have 9,,¢ = —0; and Jy,¢ = 0y, S — y; and so
A(0,095) = MOyp, 000 +y) < 2X\(0y0, Do, y),
which finally gives for some Cy > 0,

N,0,9) < Co(2A(0,6, 000, y) + \(y)) < C%Mayqx e, y)

The second inequality in (H3) is a consequence of the assumption (G2). By a similar
argument we can show (H3%). O
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We now introduce the assumption

(G4) There exists dyg > 0 such that
2

928
i > 0p.
Sk, [ det 5 g (@ 0)] = do

We note that if ¢(z,y,6) = S(x, 0) — yb, then

00 (.0,y) 2i(x.0,y) 0 22520
D(¢>(x,0,y)—<%%%y 7200 -(° gaggze;

9
000y ($707y) W%(w,@,y}

and

028
| det D(¢)(x,0,y)| = | det 520

Remark 3.2. By the global implicit function theorem (cf. [14], [3 theorem 4.1.7])
and using (G1), (G2) and (G4), we can easily see that the mappings hy and ho
defined by

(.’E, 0)| > 5O~

hi:(x,0) = (2,0,5(x,0)), ha:(x,0)— (0,005 (x,0))
are global diffeomorphism of R?". Indeed,
I, 25(x,0) 0 25 (z,0)
hi(z,0) =" 9giV7 . hh(z,0) = 9300 1 .
' (0 Sop(@0)) 7 7 L, %5(,0)

and |det by (z,0)| = | det hy(z,0)] = |det %(xﬁﬂ > 6o > 0, for all (z,0) € R*™.
Then
1

(R (2,0) 7 | = ————— " A(, 0) ||
! | det 225 (x,0)]
_ 1
[[(hy(2,0) | = ——I"B(z,0)],

| det 557 (, 0)]

where A(x, ), B(x,0) are respectively the cofactor matrix of b (z,0), hi(x,§). By
(G2), we know that ||*A(z,0)| and ||*B(x, )| are uniformly bounded.

Let’s now assume that S satisfies the following condition which is stronger than
(G2).

(G5) For all (o, 8) € N* x N, there exist Cy 3 > 0, such that

02055 (,0)| < CapA(w,0) 111D,
Lemma 3.3. If S satisfies (G1), (G4) and (G5), then S satisfies (G3) and (G3*).
Also there exists Cs > 0 such that for all (x,0), (z',0') € R*™,
[z — 2| +10 = 0| < C5[[(9pS)(,0) — (965)(,0")] + |0 — 0] (3.2)
Proof. The mappings
R" 30 — f.(0) = 0,5(x,0), R">z— go(z)=0pS(,0)

are global diffeomorphisms of R™. From (G4) and (G5), it follows that [|(f; 1),
(g5 ")l and [|(h3")’|| are uniformly bounded on R?". Thus (G5) and the Taylor’s
theorem lead to the following estimates: There exist M, N > 0, such that for all
(2,0),(z',0") € R*",

0] = | £ (£(0)) — £ (£2(0))] < M[0,5(x,0) — 8:5(2,0)] < CoX(w, 0:5),
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with Cg > 0;
2| = | g5 (96(8)) — g " (96(0))| < N|pS(x,0) — 3pS(0,0)| < C7A(955,6),
with C7 > 0;
|(,0) — (2',6")] = |y (ha(,0)) — hy ' (ha(a',0))]
< C5/(0,095 (2,0)) — (0,055 (',0))]

[l
When 6 = ¢ in (3.2)), there exists C5 > 0, such that for all (z,2’,0) € R3",
|z — 2’| < C5[(09S)(z,0) — (0pS)(2',0)]. (3.3)

Proposition 3.4. If S satisfies (G1) and (G5), then there exists a constant eg > 0
such that the phase function ¢ given in (3.1)) belongs to T'3(Qyp.e,) where

Qg0 = {(2,0,y) €R*™; |0pS(,0) —y|* <eo (|2* + |y|* +16]*) }-

Proof. We have to show that: There exists ¢y > 0, such that for all a, 3,y € N,
there exist Cyo 5,4 > 0:

000,07 6(2,0,y)| < Ca gy Az, 0,y) @7 1=IF=D (2 0, y) € Q. (3.4)
If |v| = 1, then

0 if |a| #0

929,91 ¢(x,0,y)| = |92, (—0)| =

If || > 1, then [028 07 ¢(x, 6, y)| = 0.
Hence the estimate (3.4) is satisfied.
If || = 0, then for all o, 3 € N™; |a| 4 |8] < 2, there exists Cy, g > 0 such that

0207 6(,0,y)| = 0707 5(x,0) — 920, (40)] < Cap\(,0,9) 1171,
If |a| + |B| > 2, one has 85‘85(]5(90, 0,y) = 82‘8965’(30, ). In Q4 ., we have
[yl = 1065 (2, 0) —y — 0pS(a,0)| < Veo|z* + [yI* + 16]*)"/2 + CsA (. 6),
with Cg > 0. For ¢ sufficiently small, we obtain a constant Cy > 0 such that
lyl < CoA(x,0), V(w,0,y) € e, - (3.5)

This inequality leads to the equivalence

Mz, 0,y) ~ Mx,0) in Qg (3.6)
thus the assumption (G5) and (3.6]) give the estimate (3.4)). O

Using (3.6)), we have the following result.

Proposition 3.5. If (z,60) — a(x,0) belongs to I (RY x RY), then (z,0,y) —
a(x,0) belongs to T} (R x Ry x RP) NI (Qp.e, ), k € {0,1}.
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4. L?’-BOUNDEDNESS AND L2?-COMPACTNESS OF F
The main result is as follows.

Theorem 4.1. Let F be the integral operator of distribution kernel
K(z,y) = / e S@O—v0) (3. 0)df (4.1)

where df = (2m)~"df, a € F?(Rﬁg), k=0,1and S satisfies (G1), (G4) and (G5).
Then FF* and F*F are pseudodifferential operators with symbol in I'3™(R?™),
k=0,1, given by

« _ 9 0?s
J(FF )(m,azS(fE,e)) = |a(x79)| ‘(dEt 898$) (:L‘,e)‘

o(F*F)(0yS(z,0),0) = |a(x,0)|*|(det aae(;:)_l(xﬁﬂ

we denote here a = b for a,b € T3P (R**) if (a — b) € T3P 7*(R*") and o stands for
the symbol.

Proof. If u € S(R™), then Fu(x) is given by

Fu(z) = i K(z,y)u(y) dy

R
:/ / ei(s(wﬂ)_ye)a(:ﬂ,G)U(y)dyc/la

:/ eis(w’a)a(x,ﬂ)(/ e_iyeu(y)dy)@
:/ eis(w’a)a(:cﬁ)fu(ﬁ)@.

Here F is a continuous linear mapping from S(R") to S(R™) (by Theorem 2.1). Let
v € S(R™), then

(Fu,v) r2@n) = /n (/n eis(m’e)a(x,H)fu(ﬂ)@)v(x) dx

—

= /. j’-'u(&)(/n e~i8@a(x, 0)v(x) dac) df

thus
(Fu(@),v(@)) L2@ny = (2m) " (Fu(8), F((F"0))(0)) 2 mn)
where

F((F*v))(0) = / e 5@, 0)v(F)dT. (4.3)

n

Hence, for all v € S(R™),
(FF*v)(z) = / / (S@O-SE0) o 0Va(F, 0)didd. (4.4)

The main idea to show that F'F'* is a pseudodifferential operator, is to use the fact
that (S(z,0) — S(7,0)) can be expressed by the scalar product (x — 7,&(z,,0))
after considering the change of variables (z,7,0) — (z,7,£ = £(z, 7, 0)).

The distribution kernel of F'/F™* is

K(z, %) = / e S@O=5@0) (2 0)a(z, 0)do.
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We obtain from (3.3) that if |z — Z| > $\(x, Z,6) (where € > 0 is sufficiently small)
then

[(895) (2, 0) — (005 (,0)] = 7/\(% z,0). (4.5)
5

Choosing w € C*°(R) such that

w(z)>0, VreR
1 1}
22
suppw C] — 1,1]

wE)=1 ifze|-

and setting

b(x,&,0) = a(z,0)a(z,0) = bi(z,2,0) + ba (2, %,0)

bl,.0) = wl {0z 3.6)
bae(z,2,0) =1 — w(mnb(x, z,0).

We have K (z,7) = K; (z,%) + K3 (x,7), where
Kj (z,7) = / S@O=S@Ny. (2,7 6)df, j=1,2.
We will study separately the kernels K; . and Ky .
On the support of by ¢, inequality (4.5) is satisfied and we have
Ky (z,7) € S(R" x R™).

Indeed, using the oscillatory integral method, there is a linear partial differential
operator L of order 1 such that

L(ei(S(ac,G)—S(g“c,Q))) _ ei(S(m,G)—S(fc,Q))

where
L = —i[(8pS)(x,0) — (8pS)(7, 0)| Z (89,5) — (89,5)(%, 0)] Dg,.

The transpose operator of L is

n

'L=Y"F(x,70)0, + G(x,7,0)

=1
where Fi(z,7,0) € Ty (), G

(,,0) € Tg*(),
Fi(x,,0) = i (995)(x,0) — ( I~

aesm 9) 2((99,9)(w,0) — (99,5)(7,0)),
G(x, %, 0) _2289, [1(06S)(x,60) — (995) (7, 0)|2((99,5) (2, 0) — (06, S)(%,6))] ,

Q. = { x,%,0) € R¥ 1055 (x,0) — 05S(%,0)| > f)\(w z,0)}.
5
On the other hand we prove by induction on ¢ that
(*L)%by (7, %,0) = Z Gy q(2,Z,0)0) b (x,Z,0), gg‘” eIy,
[v]<q, vEN"
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and so,

Kaulo,3) = [ S00-SE0(Lyiby (0,3.0)0.

Using Leibnitz’s formula, (G5) and the form (!L)4, we can choose ¢ large enough
such that for all o, o/, 8,8 € N*,3Cq, 0/ 8,8 > 0,

sup |xaa~ca'6£8§’K2,E(x,E)| < Coar 8,8
x,ZER™ ’

Next, we study K7: this is more difficult and depends on the choice of the
parameter €. It follows from Taylor’s formula that

S(CE, 9) - S(%a 0) = <:C - %a g(x, Ea 9)>R",
1
£(2,7,0) = / (0,5)(F + t(x — ), 6)dt.
0
We define the vectorial function

ge(x,i, 0) = w(%)ﬁ(a%, 0) + (1 —w(

|z — &

2N, 5,0) ))(0..9)(Z, 6).

We have
€e(z,7,0) = {(x,z,0) on suppb ..

Moreover, for e sufficiently small,
Az, 0) ~ \Z,0) ~ A(z,Z,0) on suppbi,e. (4.6)
Let us consider the mapping

R% 3 (2,%,0) — (2,7, & (2,7, 0)) (4.7)

I, 0 0
0~ In~ 0~ .
8]7£6 6556 89£e

for which Jacobian matrix is

We have
0.,
20, (z,7,0)
92 _ w—F 06 0S8
= 90,00, 00+ ”(26A(x, z,0) ) (g, (= %:0) - 0,0z, & %)
e — 2|  OA - |z — Z| oS

~ SeAE5.0) 90, (2, 0)A " (2, 7, 0)w’ ) (&(2,7,0) — 8—%(;5 0)).

Thus, we obtain

2eN(z, T, 0)

56,] ~ s
| xZ, a 8973!17](37’9)’
— 7| 35] ~ 928
< |t 26)\ 0w 50) 56, " 00,0z @0
-1 ~ |.'IJ oS ~
+)\ (x,(I),H)‘w W HEJ x,T, _87;[](%79)‘
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Now it follows from (G5), (4.6) and Taylor’s formula that

9, ~ 9*s /1 s _ 9%S
— 0)| < t(rx —x),0 0)|dt
20, © 0 ~ ggias, PO S | |55, T+ e = 2),0) = 55 (,0)]
< Clo|x—§|>\71(1’,i',0), Cip>0
(4.8)
- S oS - aS
. _ - < it _ _ =
6.7.0) - 5 @) < / o Erta=D0) - @0l
§011|$_5|, 011>0.
From (4.8) and (4.9)), there exists a positive constant Ci2 > 0 such that
Oy,  ~ 9?8 .
’ - < 1,... . 4.1
| 89 ( 739?0) 89laxj ($,0)| — 01267 Vl,] 6 { ? 3n} ( O)
If e < 7%, then and (G4) yields the estimate
~ ~ 29 ~
90/2 < —Ce+ §p < —Ce + det (z,0) < det Op&e(x,,0), (4.11)

0x0l

with C > 0 If € is such that (4.6) and (.11 hold, then the mapping given in (&.7)
is a global diffeomorphism of R3". Hence there exists a mapping

6:R" xR" xR™ > (2,7,&) — 0(x,7,£) € R

such that
Eel,7,0(2,7,6) = ¢
0(x, 7,6 (2, 7,0)) = a (4.12)
0%0(x,7,€) = O(1), VYa € N*"\{0}
If we change the variable € by 0(x,,€) in K ((x, %), we obtain

Ki (z,7) :/ ey (2,7,0(x, 7, €) |det 86 (z,7,¢) |d§. (4.13)

23
From (£12) we have, for k = 0,1, that by .(z, ,0(z,7,£))| det 92 ¢ (2,2, &)| belongs
to [2m(R3") if q € T} (R2").

Applying the stationary phase theorem (c.f. [12] ) to we obtain the expres-
sion of the symbol of the pseudodifferential operator F'F™*,

o(FF*) =by (2, 2,0(z, T,€))| det g—g

where R(z,£) belongs to 7" ?(R?") if a € T7*(R?"), k=0, 1.
For Z = x, we have by ((z,%,0(x,7,€)) = |a(z,0(z, z,£))|* where 0(z,z,£) is the
inverse of the mapping 6 — 9,5(x,0) = £. Thus

(z,, f)hgzm + R(,¢)

929
prem Sl

-1

o(FF*)(x,0,5(x,0)) = |a(z, 0)|2| det
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From and (4.3, we obtain the expression of F*F: Vv € S(R"),
(F(F*F)F () = / e S@NG(x,0)(F(F 1)) (x)dx

n

= [ e seDateo)( [ S Nae§)(FF ) 0)d0) do

o~

z/ / e i(S(.0)=5(x.0)) a(x,0) a(m,g)v(e)dgdx.

Hence the distribution kernel of the integral operator F(F*F)F ! is

I?(G,g)z/ e_i(s(w’g)_s(”’é))a(x,H)a(x,5)@.

We remark that we can deduce K(6,0) from K(z,Z) by replacing by 6. On
the other hand, all assumptions used here are symmetrical on z and 6; therefore,
F(F*F)F~!is a nice pseudodifferential operator with symbol
028
0x00

o(F(F*F)F1)(0,—0p5(x,0)) = |a(z,0)|?| det (z, 9)|’1.

Thus the symbol of F*F is given by (c.f. [9])
9?8
0x06

o(F*F)(855(,0),0) = |a(z, 0)[?| det (z,0)| "

Corollary 4.2. Let F be the integral operator with the distribution kernel
K(z,y) = / e S@O—v0) (3 0)df

where a € FB”(R%%) and S satisfies (G1), (G4) and (G5). Then, we have:
(1) For any m such thatm < 0, F can be extended as a bounded linear mapping
on L*(R™)
(2) For any m such that m < 0, F can be extended as a compact operator on
L2(R™).
Proof. Tt follows from Theorem that F*F is a pseudodifferential operator with
symbol in T'3™(R?").
(1) If m < 0, the weight A\?™(x,0) is bounded, so we can apply the Caldéron-
Vaillancourt theorem (see [2}, 12 [13]) for F*F and obtain the existence of a positive
constant y(n) and a integer k(n) such that

[(F*F) ul[ L2y < (1) Queny (0 (FF7))|[ullL2rn),  Vu € S(R™)
where
Quwy(@(FF?)) = Y7 sup |000)0(FF")(055(x.6),0)|
lal+181<k(n) (PO ERZ
Hence, for all u € S(R™),
| Fullz2gny < | F*F||M/?

iz [ellz@n < (V(n) Qien) (@ (FF)? |l L2 @)
Thus F is also a bounded linear operator on L?(R™).
(2) If m < 0, lim|g|4|6)—+o0c A" (z,0) = 0, and the compactness theorem (see [1Z]

13]) show that the operator F'*F can be extended as a compact operator on L%(R™).
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Thus, the Fourier integral operator F is compact on L*(R™). Indeed, let (©;)jen
be an orthonormal basis of L?(R"), then

IF"F = gy, JF Fipy = 0 as n — +o.
j=1

Since F is bounded, for all ¢ € L?(R"),

1Fo =S (i, 0)Foy||* < | F*Foo = > (s, 0)F* Foos |l = S (s, )

)

j=1 j=1 j=1

it follows that

IF =3 (s, )Fpil =0 asn— +oo
j=1

Example 4.3. We consider the function given by

S(x,0) = Z Copr®0”,  for (z,0) € R*"
|l +[8]=2, o, BEN"

where C, g are real constants. This function satisfies (G1), (G4) and (G5).

Acknowledgements. This paper was completed while the second author was vis-
iting the ” Université Libre de Bruxelles”. He wants to thank Professor J.-P. Gossez
for his valuable discussions. Investigations supported by University of Oran Es-
senia, Algeria. CNEPRU B3101,/02/03.

(1

(10]

(11]

[12]
(13]

[14]
(15]

REFERENCES

K. Asada and D. Fujiwara, On some oscillatory transformation in L?(R™), Japan. J. Math.
Vol. 4 (2), 1978, p. 299-361.

A. P. Caldéron and R. Vaillancourt, On the boundedness of pseudodifferential operators, J.
Math. Soc. Japan 23, 1972, p. 374-378.

P. Drabek and J. Milota, Lectures on nonlinear analysis, Plezen, Czech Republic, 2004.

J. J. Duistermaat, Fourier integral operators, Courant Institute Lecture Notes, New-York
1973.

Yu. V. Egorov and M. A. Shubin, Partial differential equations, Vol. 2, Springer-Verlag,
Berlin, 1991.

M. Hasanov, A class of unbounded Fourier integral operators, J. Math. Analysis and appli-
cation 225, 1998, p. 641-651.

B. Helffer, Théorie spectrale pour des opérateurs globalement elliptiques, Société
Mathématiques de France, Astérisque 112, 1984.

L. Hérmander, Fourier integral operators I, Acta Math. Vol. 127, 1971, p. 33-57.

L. Hormander, The Weyl calculus of pseudodifferential operators, Comm. Pure. Appl. Math.
32 (1979), p. 359-443.

B. Messirdi et A. Senoussaoui, Parametriz du probléme de Cauchy C°° hyperbolique muni
d’un systéme ordres de Leray-Volevic, Journal for Analysis and its Applications, Vol. 24, No.
3, (2005), p. 581-592.

B. Messirdi and A. Senoussaoui, A class of unbounded Fourier integral operators with symbol
n No<p<1 o1, Submitted 2005.

D. Robert, Autour de l’approrimation semi-classique, Birkduser, 1987.

A. Senoussaoui, Opérateurs h-admissibles matriciels a symboles opérateurs, African Diaspora
Journal of Mathematics, Vol. 4, No. 1, (2005).

J. T. Schwartz, Non linear functional analysis, Gordon and Breach Publishers, 1969.

M. Shubin, Pseudodifferential operators and spectral theory, Naukia Moscow, 1978.



12 B. MESSIRDI, A. SENOUSSAOUI EJDE-2006/26

BEKKAT MESSIRDI
UNIVERSITE D’ORAN ES-SENIA, FACULTE DES SCIENCES, DEPARTEMENT DE MATHEMATIQUES, B.P.
1524 EL-MNAOUER, ORAN, ALGERIA

E-mail address: bmessirdi@univ-oran.dz

ABDERRAHMANE SENOUSSAOUI
UNIVERSITE D’ORAN ES-SENIA, FACULTE DES SCIENCES, DEPARTEMENT DE MATHEMATIQUES, B.P.
1524 EL-MNAOUER, ORAN, ALGERIA

E-mail address: asenouss@ulb.ac.be



	1. Introduction
	2. A general class of Fourier integral operators
	3. Assumptions and Preliminaries
	4. L2-boundedness and L2-compactness of F
	Acknowledgements

	References

