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@ H-distributions (Antoni¢, Mitrovi¢, 2011.) - LP — L9 spaces, p = ;25,
1< p<oo, Uy —0inLP(RY), v, = 0in LI(RY), yp € C*(SIT)
@ H-distributions - W—kP — Wka HP  — HY_ spaces, s R,1 < p< oo
(Aleksi¢, Pilipovic, V.)
Theorem

If a sequence u, — 0 weakly in W—%P(R9) and v, — 0 weakly in W%9(RY),

then there exist subsequences (up ), (V) and a distribution p. such that for
every p1,p2 € S(Rd)r w € CK(Sd_1)! R = [d/2] +1 ;

lim (p1Up , Ag(avin)) = (1, p1529)).
n"—oo
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then there exist subsequences (up ), (V) and a distribution p. such that for
every p1,p2 € S(Rd)r w € CK(Sd_1)! R = [d/2] +1 ;
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@ ;1€ SERI xS
@ S(RYN)GE(SIT) = SE(RY x S9-1).
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Unbounded symbols

@ For weakly convergent sequences in W—%P — W*.9 spaces multiplier
(symbol) ¢ is a bounded function, v € C(S?~") or ¢ € C*(S?~")
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Unbounded symbols

@ For weakly convergent sequences in W—%P — W*.9 spaces multiplier
(symbol) ¢ is a bounded function, v € C(S?~") or ¢ € C*(S?~")

@ Function a € C*(R? x RY) is in ST, class of symbols if for all a, 5 € N¢,

m—|«f

0807 a(x, €)| < cap(1+1€[%) 7

Notation: (¢) = (1 +|£[)"/2
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Unbounded symbols

@ For weakly convergent sequences in W—%P — W*.9 spaces multiplier
(symbol) ¢ is a bounded function, v € C(S?~") or ¢ € C*(S?~")

@ Function a € C*(R? x RY) is in S 7" class of symbols if for all o, 8 € N¢,

m—|a|
0805 a(x, €)| < Cap(1+€%) 2

Notation: (¢) = (1 +|£[)"/2
@ Let me R, N € Ny. Then we consider the space s,  of all ¢ € CN(RY)
such that

[Ylsp, ,, = max ||ag V(€)™ < o0,
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H-distributions with symbol ¢ € s7 ,

We fix ¢ € 87 n, N > 3d + 5. Then Ay : Hj, o(RY) — H{(RY) is continuous.

Ivana Vojnovi¢ (University of Novi Sad) Defect distributions Microlocal analysis and partial differential equations



H-distributions with symbol ¢ € s7 ,

We fix ¢ € s, N >3d + 5. Then Ay, : H7,, o(R?) — H{(R?) is continuous.

Theorem

Let u, — 0 in HP ((RY), v, = 0 in Hj, s(RY), m,s € R, ¢ € T . Then, up to
subsequences, there exists a distribution j.,, € S'(R?) such that for all
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Weight functions

@ Defect distributions - H, P — H}'9 spaces, weights A = A(x, €) (Pilipovi¢,
V)
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Weight functions

@ Defect distributions - H, P — H}'9 spaces, weights A = A(x, €) (Pilipovi¢,
V)

Definition (Morando, Nicola, Rodino)

Positive function A € C>=(RN) is a weight function if the following conditions
are satisfied:

@ There exist positive constants 1 < o < ¢ and ¢y < ¢; such that
co(2) < Nz) < ez, zeRV,
@ There exists w > 4 such that for any a ¢ N(’)V andy € Ky = {0,1}V

1270°VN(2)| < CayM2)' 510l Zz e RN
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Q A(x.&) = (1+[x2+[¢P)2, x,€ € R

«a0)>» «F»r « =>» Q>

v



Q@ A(x,6) = (1+|x]? +[¢[*)2, x, £ € R
@ Multi-quasi-elliptic polynomial:

1

> 2 )2,Z€RN.

aeV(P)

Here P is a given complete polyhedron with the set of vertices V(P).
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Definition
Let me R, p € (0,1/w]. We denote by MI'7', the space of functions
a e C>™(R?) such that for all o, 8 € N§, 41,72 € {0,1}7 it holds that

X7 ERIER0T A(X, )] < Ca g p X, )AL
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Definition
Let me R, p € (0,1/w]. We denote by MI'7', the space of functions
a e C>™(R?) such that for all o, 8 € N§, 41,72 € {0,1}7 it holds that

X7 ERIER0T A(X, )] < Ca g p X, )AL

Sy @€ C>(R??) and for all a, § € N§

0807 a(x, €)| < Cap(€)™ 1.
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We equip MI'7", with the family of norms

al sup sup bngog O alx )
mrp =

lal+18| <k, v €K (x,¢) R A(x, §)m=rplo+h] ’

where k € Ng, v = (’}/1,’}/2), vi € Kg, o, B € Ng
Pseudo-differential operator T, with a symbol a € M7, is defined by

Tau(x) = /R e alx e, U e SEY)

Ivana Vojnovi¢ (University of Novi Sad) Defect distributions Microlocal analysis and partial differential equations



Let A(x, £) be a weight function, s € R, 1 < p < co. We denote by HyP(RY)
the space of all u € §'(RY) such that Thsu € LP(RY).
Since A(x, £)® is elliptic of order s there exists an operator T, € ML;,S\ such

that
ToTas = 1+ Rs,

where R; is a regularizing operator. We define norm on H,f’p in the following

manner:
[ulls,p.n = [[Tastll1o + [|Rst] -

With this norm H;P(R?) becomes a Banach space.
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Theorem

lfbe MY, \, then Ty : Hy"™P(RY) — HyP(R?) continuously for s, m € R
and 1 < p < co. We have the following estimate

[ Toullpze < Cl[bl|mry ||| pysme,

for some k € N, k > 2d.
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Theorem

lfbe MY, \, then Ty : Hy"™P(RY) — HyP(R?) continuously for s, m € R
and 1 < p < co. We have the following estimate

[ Toullpze < Cl[bl|mry ||| pysme,

for some k € N, k > 2d.

Theorem (Lizorkin-Marcinkiewicz)

Let m(¢) be continuous together with derivatives 9} m(¢), for any ~ € {0, 1}9.
If there is a constant ¢ > 0 such that

goimE) < c, £ €R?, ye{0,1}7,

then for 1 < p < oo there exists a constant B = B(p, d) such that
| Tmul|e < Bl|ullre, u € S(RY).
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To obtain LP-boundedness it is enough to assume that for a(x, £) it holds that
€ 0p0 7 a(x, &) < C(e)M, (x.€) e R*,
for some e > 0, and for all A\, v € N§, v € Kg.

Theorem
Letv € HT(RY), me R,1 < g < o0 and ¢ € S(RY). Then pv € H"I(RY). J
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We denote by (MT'))o C MI'7, the space of symbols ¢ € MI'77, such that for
all (041 s Ozg) S Ngd, (’}/1,72) € Kog (resp. v e Kd)

Y1 g2 o, a2)+(71,72)
€0 0((x.)

”Hm\(x,g)\Zn /\(X7£)m_l’(|a1|+|a2|) =0.
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We denote by (M) C MI']7, the space of symbols > € MI'7' such that for
all (ar, ) € N29, (71,72) € Kag (resp. v € Kqg)

li |X715728(a1,a2)+(%,72)1/)((x, )l
nlamoo \(X??)F\)Zn /\(X7£)m_p(|a1|+|a2|)

=0.
Theorem

Letu, — 0 in LP(RY) and v, — 0 in H{"I(R?), m€ R, p = 1/w. Then, up to a
subsequence, there exists a dlstrlbutlon p e (S(RHE (MT7\)o) (resp.,

1e (S(]Rd)®(MFZjA)O) ) such that for all o € S(RY) and all v € (M7 5 )o
(resp., v € (MT7)),),

lim (un, Ty (pVn)) = (1. § @ ¥).
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Theorem

Let u, — 0 in LP(RY) and v, — 0 in H"(R?), m € R. Assume that
¥ € MY, A Then, up to subsequences, there exists a distribution
1y € S'(RY) such that for all ¢ € S(RY),

lim (Un, Ty (pVn)) = {1y @)

n—oo
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Theorem

Let u, — 0 in LP(RY). Assume that

lim <Un, T/\(Xf)m((pvn)> = 0,

n—oo

for every sequence v, — 0 in H"9(R?), m € R. Then for every € S(RY),
u, — 0 strongly in LP(RY).
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Theorem

Let u, — 0 in LP(RY). Assume that

lim <Un, T/\(Xf)m((pvn)> = 0,

n—oo

for every sequence v, — 0 in H"9(R?), m € R. Then for every € S(RY),
u, — 0 strongly in LP(RY).

Corollary

Let u, — 0 in LP(R?) and a € EMI'™,. Assume that
nli)moo<u”’ Ta(gOVn)) =0,

for every sequence v, — 0 in H"9(R?), m € R. Then for every § € S(R?),
Ou, — 0 strongly in LP(RY).
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Let
P(x,D)up= Y x’Dgu, =, (1)
(@.B)EV(P)

for some complete polyhedron P, where u, — 0 in H;;p and
of, — 0 in LP(RY) for every ¢ € S(RY). Here V(P) denotes the set of

vertices of P and p(x, &) = Z xPex e Mr}/wﬂ"
(a,3)eV(P)

Theorem
Let u, — 0 in HyP(R?) satisfies (1). Then for any v, — 0 in LI(RY) it holds that

tp =0 inS'(RY).

If p is elliptic, then fu, — 0 in H;,’p, for every 6 € S(RY).
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