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Kernels of pseudodifferential operators 
associated to Hormander symbols of Gevrey type 

MHazi 
Abstract:M. S. Baouendi, C. Goulaouic and G. Metivier 
studed in (Baouendi, Goulaouic and Metivier (1983)) 
analytic pseudodifferential operators through description 
of their kernels on one hand and their symbol s on the 
other hand . We extend, in this article, this study to the 
pseudodifferential operators associated to Hormander 
symbols of Gevrey type. 
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. 1 (Li)~ )i) li,i: ~ I~..\c s ) Rn u.- b.jii.. n ) I')Ao .;:t. ~ I~..\c nUS:;]: 2 u....,;Lj 

: JtJI .1.y!JI ~ I~) .bi3) b) S ~.J Li.JF.-~ u.- 4-iJ ( 00 (n) u.- ~ AJb loP ~ 

(2) 'I/o. E Nn IIDCl~11 =supIDCl~(x~ ~ clCl I+'~al!Y 
xeK 

·(Ial! =(ta i )!) 0.= (0. 1,0. 2 , ••• , an )u.......)) 

1=1 

. R n u.- b.jii.. n) , ~~ I~..\c m) 1~ s ) N· u.- nUS:;]: 3 u....,;Lj 

: _Jt.ll .1.y!JI ~ ( 00 (n x Rn) u.- ~ =~(z,~) ~~..\c AJI~ JS n .)c s <W.J 4.JF.- ljo.J ~ 

Nn u.-.~ ) a ) Rn u.- ~) K u.- z 01.5. 4i , ~ e ~Y' ~\.j ~J:! n u.- K (.)""1 y...ll '".?JI ~~ 

: 0~ 

(3) 

. "o5{~,s)(n,Rn)--! jY'jl .~ ~~ joy 

i:..4 I'""'-~ l. yl») .z ,"Ij) ~~ Uiolli ~y l. 4-JlL ~ ~J LiA ~ J ~ ;.;~ 

.(z ~ &lyJI ~~I!Y J,.WI ~ 1=s 

: ~) (1) U:!~I •j,A';; .hiw : 4 u....,;Lj 

. 4;..Y' I~..\c m) Rn u.- y.......ll b.jii.. I)F.- U US:;] 

l. .Jy I~) .bi3) I~!s ~.J LiJp,J .1.,; .u) , n x U ~ UJ.-. ' T=T(z,x) ~jy loP J~ 
:~ 

: ~) S 4¥.J ~.JF.- AJI~ TIn x (u \{o}) =f 
: ~ e ~Y' ~\.j) U \ {a} u.- V cjii.. )F.- ~J:!' n u.- K (.)""Iy...ll '".?J1~~ 

. K x Vu.- (z,x)JS J:..i u.­

: ~I T~j~ .U 

(5) T(z,.) =Pie (z,.) + I eCl (z) 8(Cl) , 
I ClI~m 

~ 8=1.1.y!J4 l.A.u¥ (;(u) u.- ~~..\cAJI~ 8) n~s 4¥.J ~.JF.- JI)J u.- ~4 (eCl)Cl~ 

: JtJl.5. ( ; (u) u.- \jf Js J:..I u.- ,UJ.-. ~jy .u~ Pie r..1 ! ~I ) F.­
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: ~ C LaW ~>" w,~ ~J:! Q 0- K 0"'1y... ~..? Js J,;..i 0- .t.j~ ~ m,j\.S I~J ,~ 

:,j~ 0 < E US:! ~J ' m = lal t"'" Nn 0- aUS:! ~ 

, K .} z,j\.S ~i , bIll J 

'I ,OK(~,s)(Q,Rn)---! ~jJl o~ ~~ jAy 

JS.l, (inverse Fourier transfonn) ~.J.,aJ ~I J...",.:JI ~J ,T(z,x) = (F -If)(z'~);;.Jy.aJ1 : 1 ~,):IA 

'l,oK (~,s)(Q, Rn )~J ?, 1,0 5(~,s)(Q, Rn ) ~w.ill 0- f =f(z , ~) ~ 

'i ~ U-"'" ~I wly~1 u~ , K 0"'1y... .} z ~I ~Iy ~ .t.ji ~J ,jlA.y,l1 .} tJyJl J.! ~ : ~~! 

, ~.J~I L:.lj!.oJi.} ~J 4 Ii! , ,jl",...,J1 .} z i;.t, 

: (Hazi (l986))~) 4y ~J ~..,.,...u,-! ,jlA.y,l1 ~ 

: ~ ( ao (R n)0- ;iJI.l f J 4>" ~ 1.l.lC m c:ft.:l : 1 4....i.l:!ji 

(8) 

: .t.j~, Rn\{o} .)c o.J.~ g J T =F-I f ,j\.S I~J 

: lA. y,..., ;; .J~I ;;.l.:o,)1 ;;.ft .} ~~>" w,~ ~J:! 

(9) 


(10) . T =Pie + ICao(a) 
lal:s:m 
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.J;....~ ~\ b) , I€ =e_€1~ 1 2 I(~) ~ ]0,1] J1+J\ ~ .JG:... £ ~.l.lC JS J"..i l>" : 1 ~~ wl.A~ 
~ ~ "':"'Jy~ (8) WW\ ~ I€';J\.::J\ ui r-~ ~ e-€1~12 J,.W\ .J~ ll.h:..~J (Leibniz fonnula)~ 

, £ .l.la.l4 

h(~) ={I ; I~ I $1,(11 ) o ; 1~1~2, 

(12) , m + n - 1$Ial $m + n + 1 

:~ 

T€ (x) =F-I (/€) J i =r-1 
I II = fDa I€ (~) h~xl~) (e;x~ - 1) d~ 

I 12 = fDa I€ (~) h~xl~) d~ 
.13 = fDa I€(~) (1- h~xl~)) e;x~dE, 

: J}-l\ J,.\S:J\ <>"~ ll:!.::J , ...:...)L.\S:J\ .~ ~ 

II $ ]DaI€ (~) h~xl~~ I(eu~ -1) d~ , 
: \:...4- I(eu~ -1) $lxll~1 ui ll.h:..~ \~)J 

I II $C r1<2 (1 + 1~lt-lallxll~1 d~ 
~~ -Ixl 

(13) 

, (8) ~\ ~ .l))\ ~LJ\ .JA C J' n J m 0.!.l.l.o..l4 ~ ~\.j CI ~ 

: "...iL.. \.j.lAj A"j '- 'I\., 4lS... ' \! 'LJ\ J,.\S:J\ L..i , Y!"'*' ' u. ..r 

:~J 
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! D eixf, =x .eixf, ·u{12 ... n}· )· .. <.I---4,.ji .....I.l.J.lI ....!h)L; . WltJlJ..\S.:jJI~ ·Yl . ...!......a!--···If,J } U, ", <...JA ~ ~ _ . <or ~ 'F ~ 

: ~ l.ii ~ (self-adjoint operator) l.i:!.;ill ~I~ Df,j Jij.J1 l.ilS WJ 

. x/3 =i fDf,)Dcx Ie (~) (1- h~xl ~))) eixf, d~ 
: ~~ (1 2)J (8) ~)wI,,~ ~J 

IX/31 ~ C4C r 2 (1 + 1~lt-lcxl-1 d~ +C5C hI 2 (1 + 1~lt-l cxllxl d~ . 
~f,I>I~ 	 Ixl < f,1<N 

: <\..l.oJ 

I I
< c c I l-m

- n+lcxl+1(15) 	 Xj 3 - 6 X .I 

: ~ C c...u. w.,~.l ---·· i (15) (14) (13) '1..J..i.ll 'I .llli.....~L '.< _. : ~ _. m,n ., yo . F.-J ~ U J J ~!.S, . ~ 

: ly.lll.ifo.. ]0,1 ]J4....l1 L.J.o c JSJ' R n "l...<:.iIl Wi..J1 .~.,ll •.;5 L.J.o X tJ.lLA ~~ JS J;.i L.J.o 

lA Y'J • ~ 4J..lS...l1 J.iJ xaTE: •.J~I l.ii • m < lal J 1 ~ Ixl J;.i L.J.o • olStJl ~ (16) 4.DWI ,,~~ 
. I. 'tAo - . ~ .~II · ('-') <- '. - II .uc .'+' Y ~J Y' <...JA . 	 fi"' .?-':! 

.~I ) F.- ~ T w~J ~.,1.. jIyl-! ~tJI ~tJI ~jill JiS::.:i 

~.Jyi.l ~I J:~I ~J • <J~ wib. 1,0 S{~ ,s) (0, R n) ,,~I L.J.o Ij.o.J I l.ilS I~! : 2 ~ji 
. (4) W\..JI. r-I(/)=T 

: R ~YO ~L, J;.i L.J.o ~. S -G.;J.J '..$.JF.-~ L.J.o g4.JI.l fo j : 2 ~jill (.)l.Ay 

; I~I ~ 2R,
(17) 	 ( ) ={O 

g ~ 1; I~I ~ 3R. 

: ~ • ..".Jyi.l ~I J:~I ~Iy" r-1(1)= T <J~ J . I,OS t~ ,s)(O, Rn)L.J.o I~ I <.AJ 
n 

: ly.lll.ifo.. Irl =1.01 ~	N L.J.o r J .0 JS J;.i L.J.o 

x
yD~T(x) = II + 12 ' 

http:I.l.J.lI
http:I---4,.ji


57 

Il =r-l(D{(I g(~))~~f(~)), 
F-l (g(~) ~pf(~))) . 

: (8) J g 

(18) 

. s 

~ . H(~) (g(~) ~~ f(~)) , ~\ WJ , ~. Y.Wl 

fJ -! 'J C3 4Y' ~ ul. g ~L....:.J (8) ;i£;W\ 

, lal:::;; m + n + 1-! ' N\)", a uLS yl 

H(~):::;; CVI+1 ~fJl!Y (1 + 

(1) ~jil\ 

y."lh-JI .iJ! 
"" .-.11 .• "U.i::Iy-.'"'" (1) Qy.J1 w~J ~4;'1 

:.by:;JI ( oo(Rn)0'" 4JiJ J ~ 1J.:.c:. m lM: 3 U~ 

.IDaf(~~:::;;C(l+ sm+n+l 

~Y' <-l.!U. \"".l.J..uc. .l.:;>.J ' r-l(f) = T 

C-' Nn 
0-- a 4--J' ]O,l]J4,.JI 0-- Ii 

(19) 

~i 0-- . 0 ct u(O) c­

: ()\S.J (19) 
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(20) 	 SUp\< xUT(x), u£ (x) >\:::; C" 
0<£<1 

: ~..l.l ufo ' I~ .la.!. ( 1(R n)0-- I~J~ I.. y,.. U ;U1..l.lI ~ W ~\.:j ~ ~Y' ).li. C" ~ 

\< xUT(x), u£ (x) >\ =(2n t n1< D U f(x), EnU(SX) >\. 
: y:& ui L;J ~ m= lalJ.;.i 0-- IDa f(x ~ :::; C 41y.J1 \";~I I... I~!J 

\< xUT(x), u£ (x) >1:::; (2n t n 
C flu(~~ d~ <C'", 

.(1) ;c..,. ... II..:.,W -- 3 ~ .-.11 . L.
J;-' .• ~J Y' ~ -""J 
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