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1. CONVOLUTIONS ON LIE GROUPS

There is given a Lie group G: a manifold with a binary operation
Xxoy : Gx G— G,the neutral elemente, xoce=eox =x, x € G,
and each x € G has the inverse x~'x = xx~! = e. We concentrate
here on groups which are diffeomorphic with the Euclidean space
w: G—RM
Then we have:

@ The Haar measure dgu: defined uniquely;

@ The Fourier transformation (see the next slide for definitions)
Z6 : S(G) — S(R™), 76 : S(G) - S'(R™)

with its inverse Forier transformation 75! : S(R™) — S(G),
951 . S(R™) — S'(G) and the corresponding Plancherel
theorem || Zgyl2 = (2m)"?||¢ | 2-

@ The generic differential operators ©+,..., 9y, generated by
vector fields from the corresponding Lie algebra.
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1. CONVOLUTIONS ON LIE GROUPS

@ Convolution operators, defined as follows
Wos = 75'aZs : S(G) — S(G), (0.1)
where the symbol a(¢) is a distribution on the dual group
ac S'(RM).
The Schwartz space S(G) and its dual space of distributions S'(G)
represent the pull-back spaces of fast decaying infinitely smooth
functions S(R") and its dual space of distributions S'(R™):
we : S(R™) — S(G), where w,o(x):=¢p(w(x)), ¢eSRM),
we @ SR —=S(G), w: G=R" xeG

Note, that as in the classical case the Fourier transformation and
its inverse are bounded operators in the Schwartz spaces

F:1 . S(G) - S(G),
S'(G) — S'(G).
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1. CONVOLUTIONS ON LIE GROUPS

What is important: all generic differential operators are
convolutions Dy = ng,G with polynomial symbols dj (&) = —ix,
k=1,...,m.

Thus, we can solve easily the following integro-differential
convolution equations and find their precise essential spectra

> Lca,ﬁWso(XH@“ / ka,ﬁ(xqu)@BSO(Y)dGM(}’)} =f(y)- (1.1)
G
lal+|Bl,1vI<n

The symbol has polynomial growth

a€):= > [Cas(-i€) + (-iE) P Fakus()| . EER™ (1.2)

| +[B],1vI<n
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1. CONVOLUTIONS ON LIE GROUPS

By 71,(R™) we denote the algebra of functions (L,-multipliers)
such that the corresponding convolution operator is bounded in
the space L,(G, dgp):

Wos : Lp(G.dgp) = Lp(G. dgp), 1<p<oc.

Some informationn about the multipliers classes 2t,(R™):

@ Due to the Plancherel theorem, Mi;(R™) = L (R™), i.e., for
a € Loo(R™) the operator W? . is bounded in L(G, dgp).

@ Functions of the Wiener class a(¢) = ¢y + #gk(€), where
k € Ly(G, dgu), belong to M,(R™) for all 1 < p < oc.

@ in 1-dimensional case all functions of bounded variation
belong to Mi,(R) forall 1 < p < cc.
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1. CONVOLUTIONS ON LIE GROUPS

o All piecewise-constant functions PC(R™) on politops
(intersections of finite number of hypersurfaces) belong to
Mp(R") forall 1 < p < oo.

PC,(R™) denotes the closure of PC(R™) in the algebra 9i,(R™).

ke

Arises a natural question: which spaces are most relevant to
consider solvability of the convolution integro-differential
equation (1.2)?
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2. GENERIC BESSEL POTENTIAL SPACES

For this purpose we define the generic Bessel potential spaces
GHZ(G, dgu) on the Lie group G, endowed with the norm

lv | GHR(G. dap)|| = [|Wiyst | Lo(G, dap)l

= 1716 Fav |Lp(G.dan)| (6)° = (1 +[EP)°, seR.  (2.1)
For an integer s = n=1,2,... the space GH}(G, dgu) is
isomorphic to the generic Sobolev space GW[(G, dgu), defined
with the help of generic differential operators, endowed with the
norm

1/p
e |GWR(G, dap)ll == | Y 9% |Lp(G, dGM)p] -

lal<n

Theorem

Let1 < p < oo, s € R. The multiplier class for the space GHZ (G, dg)
is independent of s and coincides with the multiplier class 9t (R™)
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2. GENERIC BESSEL POTENTIAL SPACES

Let Em;,(R’"), 1< p< oo, —00 < r< oo denote those functions
(r-multipliers) for which the convolution operator of order r is
bounded in the setting

W3s : GW5(G,dgn) — GW5 (G, dgp).

The r-multipliers class mt,g(Rm) is, naturally, independent of the
smoothness parameter s. Moreover, there holds the following:

MH(R™) = {(&)'a(€) : ac Mp(R™)}, ()" = (1+xi)"/2,

PC,(R™) := {(£)a(¢) : aec PCp(R™)}, reR.
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2. GENERIC BESSEL POTENTIAL SPACES

Theorem |
Let 1 < p < 0, s € R. A convolution integro-differential equation

> Lca,ﬂWsO(X) + D¢ / Kap(x 0y )DPo(y)dau(y)| = f(y). (2.2)
G
lee|+|Bl,lvI<n
with the symbol a € M (R™), (see (1.2)) is Fredholm in the setting
p € GHY(G,dgn), feGHS (G, dgp) (2.3)
if only the symbol is elliptic

nf 1(€)~"a(©) > 0. @4)
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2. GENERIC BESSEL POTENTIAL SPACES

Theorem continued |
Moreover, if p = 2 or p # 2 but a € PC/(R"), the ellipticity
condition (2.4) is sufficient for equation (3.2) to have a unique
solution o = W, ,_f € GHS(G, dgp) for arbitrary
f € GHp "(G, dgu) (i-e., the operator W°G7a is invertible).

The operator has only the essential spectrum and

SprG::{ZeC :z=a(f) : —c0 <& 00}.

Remark |
Note, that due to the "lgari Paradox” the ellipticity condition (2.4)
can not be sufficient for the Fredholm property of equation (1.1):
For p # 2 there exist even continuous elliptic multipliers

a € Mp(R™) N C(R™) such that WY ; is not bounded in

GHZ(G, dgu)-
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3. FUNDAMENTAL SOLUTION

Theorem

Let 1 < p < . For an integro-differential convolution operator
W , with the symbol a € PCJ(G) there exists a kernel .7; (a
dlstrlbutlon in general) such that the operator is written as a
group convolution with this kernel

WO o(x) = Haxa ol /zfaxoy o(¥)dan, € S(G).
(3.1)

Note, that the G-convolution .7; x; ¢ of a distribution .7; € S'(G)
with a test function ¢ € S(G) is a correctly defined operation.

L. Hérmander proved the above theorem for the case
{G, o} = {R", +} (cf. [Hr60]). In our case the Theorem remains
valid due to homeomorphism of G and R".
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3. FUNDAMENTAL SOLUTION

Theorem |

Distributional Hormander’s kernel .7, of the inverse to a generic
differential operator with constant coefficients

AD)p(x) = > caDp(x) (3.2)

and elliptic symbol inf¢cgn detlo|é§n(§)| > 0, represents the
Fundamental solution F4(x) = %7, for the operator A(D), i.e.
AF ,_1 = 0 and coincides with the Hormander’s kernel of the
inverse operator.

The fundamental solution represents the inverse Fourier
transform of the inverse symbol Fy = 75" o7(-1),
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3. FUNDAMENTAL SOLUTION

Indeed, the symbol of the operator A(©) has polynomial growth

A(€) =Y ca(—i6)*,  EeR7 (3.3)

laf<n

and if the symbol is elliptic, the inverse operator is a convolution
with the symbol &7 ~'(¢), i.e.,

A (D)(x) = WO (x) = (Faxg )(x / Fa(xoy)u(y)dey.

where F4(x) is the distributional Hormander’s kernel.

F a(x) is the Fundamental solution for A because
v = AA~ ') = AF 5 xg v and, consequently, AF 4 = 6.

The formula F4 = 7;'.</(-") follows from the formula
AV = F Ay
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3. FUNDAMENTAL SOLUTION

With the fundamental solution F 4 for the generic differential

operator A at hand we can define the Newtons, Single layer and
double layer potential operators for a domain Q c G

Noy(x / Fa(x —y)y(y)dau(y),
Vou(x) = /6 Falx = 7)e(r)doai(r), (3.4)

Wap(x) = | 0.(X)Falx =y)e(7)doau(7),

where dyqu is the induced measure on the boundary 02 of .
There holds the following Gauss formula for the domain

/ @j¢(y)dGM(y) = / V/(T)w(T)daﬂu(T)v j =1 yeees (35)
Q o

where 1(t) is the component of the outer normal vector field
v(t) = (v1(t),...,vn(t))" on the boundary 0.
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3. FUNDAMENTAL SOLUTION

From the Gauss formula (3.5) there follow | and Il Green’s
formulae for the generic Laplace operator Ag := 912 + o+ P2

/ (Do) Y)e(y)dan(y) = / (Z00)(r)(r) dogp(r)
Q 1919}
- /Q (Z(7)0) (T (7)) () doan(r),
/Q (Bap) (V) (y)dauly) — /Q o) (D)) dan(y)
- / (T () (r) dau(r) — / () (Do) (1) dai(7).
1919} o

(Zue)(t) == ()(Z10)(t) + - - - + va()(Znp)(1)

Green’s | and Il formulas can be derived for any other high order
differential operator (see [Du01] where the classical cases are
considered).
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3. FUNDAMENTAL SOLUTION

For a mixed type boundary value problem (BVP) for arbitrary

elliptic second order equation
(AU)(X) = Z|a|<2(‘@au) X) = f(t,X), X € Qv teRT = (07 00)7
u(t,w) = g(t,w), (Ouu)T(t,w) = h(t,w),w € 09,

(3.6)
we have the following representatio formula for a solution
u(x) = Naf(x) + (Waqu™)(x) — (Va(d,u)")(x), X € Q,

which can be used to derive boundary pseudodifferential
equation for the BVP (3.6).
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4. EXAMPLES OF FUNDAMENTAL SOLUTIONS

EXAMPLE 1 (cf. [Du25]). The direct product of positive half axes
R? = (0,00)" is a Lie group with the group operation

Xoy = (X)¥1,...,XnY¥n), With the dual R, = R"” and the Haar

dX1 an
measure — - -

X, . The group Fourier transformation on R’
coincides W|th the Mellln transformation (see below Example 4)
and the generic differential operators in R are

@k:Xkak, k:1,2,...,n

The fundamental solution for the Generic Laplacian
Agn =92+ +22is

l|n(|n2x1 +1n? xp), it n=2,
. 7
Ky (X) = r(n/2)
2(2 — n)zxn/2

2—n
2

(In2 X1 + -+ In? xp)
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4. EXAMPLES OF FUNDAMENTAL SOLUTIONS

EXAMPLE 2 (cf. [Du25]). The direct product of intervals
I" = (—1,1)"is a Lie group with the group operation

X1+ ¥ X1+ )1 n
X = e , x,yel
>y (1+Mh 1+MM> 4

dx; 5 dX”2 and the generic

- Xj 1— x5

with the Haar measure

differential operators:
Dk = (1 — x2)dk, k=1,2,...,n.

Then the fundamental solution for the Generic Laplacian
Agn =92+ +22is

AN SR SRS =2
Ao () 4r 4| 1—x T—x
— 2—n
Ben 2n/2-2[(1/2) 21X e ] T,
@ mae " Tx =% |
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5. EXAMPLES OF LIE GROUPS

EXAMPLE 3: Euclidean space R"”
The most trivial example of the Lie group is the Euclidean space
R™ with the sum as the binary operation

Xoy=x+y, e=0, x'=-x, x,yeR™

The Haar measure is the Lebesgue measure, the Fourier
transform is the classical Fourier transform .#, generic
differential operators are coordinate derivatives

0

= k=1
k anﬂ

m

and convolutions are classical
W3p(x) = cop(X) + - k(x — y)e(y)dy, a(§) = co + (Fk)(&).

The generic Bessel Potential Space is the classical BPS.
R. Duduchava (University of Georgia) Convolutions on Lie groups



5. EXAMPLES OF LIE GROUPS

EXAMPLE 4: Half line R": is a Lie group with the group operation
d

e . X
as the usual multiplication x o y = xy, with the Haar measure >

The group Fourier transformation on R is the Mellin
transformation

i d
Myi(6) = [ EPun G €er

The corresponding convolution equation is (g(&) = ¢y + .#3k(¢))

K <t> )T Zft), tert

T T

MIp(t) = cop(t) +/R

The generic differential operator is

d 0
:D — ta — W*IIE‘
Mellin convolution equations have many applications in
Mathematical Physics, Mechanics etc.
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5. EXAMPLES OF LIE GROUPS

EXAMPLE 5: The interval G := (—1,1): If we endow the interval
G := (—1,1) with the binary operation
X+y

OV =y

X,y € G,

which is an automorphism of G = (—1,1), it makes G a Lie group
with the neutral element e = 0 and —x th% inverse to x € G. The
invariant Haar measure on G is dgx := ﬁ and the invariance
means
dg(x o y) = dgx, Vx,yeaG.

The fourier transformation on G is:

1 1 —y i€

Far@ = [ (12) vdey.  cer G)
1 +Yy

Thus, the dual group is isomorpic to the set of real humbers
G=R.

R. Duduchava (University of Georgia) Convolutions on Lie groups 22/48



5. EXAMPLES OF LIE GROUPS

The inverse Fourier transformation writes

(Zg ) (x) = ;/_Z G :rf()_igw (g) d¢é, xeG. (5.2

Convolution equation on the Lie group G = (—1, 1) has the form

1 _
Au(x) = cou(x) + /_ K ( 1X_ )ﬁ; > ‘;({ )}‘g’ — h(x), (5.3)

xe G:=(-1,1)

and the symbol (F6Au)(¢) = [co + (Fak)(€)] (Fau)(€) = (Fah)(€)
governs its solvability.
The generic differential operator is

D=(1- XZ);)'(.
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6. PRANDTL EQUATION

The above results were applied to the celebrated Prandtl equation

culx) d [Tudy _

Pu(x) = =
u(x) 1—x2+7ri 1 yY—X

(x), x e G. (6.1)

This equation has an ample applications in Mechanics and
Mathematical Physics (called also Airfoil equation) and was
investigated by many authors, but solved only numerically.
The symbol of the equation is

P(€) = ¢+ 2di§ coth(7§), EeR (6.2)
Since the equation is considered in the setting
ue GH;SJ(Gv dGM)a fe GH2_1 (Gv dG:u)v
the symbol responsible for the solvability is
C + 2di¢ coth(m

VAET
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6. PRANDTL EQUATION

2di

if d>0, c>0

2 Fig. 2. The essential epectrum of

the operator P: Plot of the sym-

Cc+

-2di

< C + 2di¢ coth(7€)
bol 2, (¢) = .
/1 2
c+%gi e
if d<0, c>0

R. Duduchava (University of Georgia) Convolutions on Lie groups 25/48



7. TRICOMI EQUATION

Another equation which turned out to be of type (5.3) is the
famous Singular Tricomi equation

Tv(x):cv(x)+d/1 V(y)dy+e/1 Y o, (7.1)

i)y y—-x wJ) 41=xy
x e G:=(0,1),

which arises in boundary value problems for the partial

differential equations which change type (elliptic to hyperbolic).
The symbol of the equation is

e

T() = ¢ — idtanh(re) + s,

¢ER. (7.2)
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7. TRICOMI EQUATION

Id| 1L

Fig. 3. The essential epectrum of

b cre the operator P: Plot of the sym-
* bol

¢ — idtanh(r€) +

e
cosh(m€)”

-|d|
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8. LAVRENTJEV-BITSADZE EQUATION

The third equation from the class is the Lavrent’ev-Bitsadze
equation

d ('] 1 1-2
LBgo(t):Cgo(Z‘)—F?T/O |:T—t+t—|—7'—72—t7' e(r)dr = h(t), (8.1)

xe G:=(0,1).
This equation also emerges in the investigation of boundary value

problems for the partial differential equations which change type.
The symbol of the equation is

)

ZLAB() = c— idtanh 7;5 ¢ eR (8.2)
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8. LAVRENTJEV-BITSADZE EQUATION

A
ld] — B
Fig. 4. The essential epectrum of
o the operator P: Plot of the sym-
: bol ¢ — id tanh 7.
-|d|
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9. REMARKS TO THE LIE GROUP G = (—1,1)

My interest to equations was attracted by the paper of V. Petrov
and V. Petrov & T. Suslina who applied the diffeomorphism
1. 1-—x

t(X):§|n1+X,

x(t) = —tanh t, xeG=(-1,1), teR

and transformed the Prandtl, Tricomi and Lavrentjev-Bitsadze
equation on G = (—1, 1) into a classical Fourier convolution
equation on the real axes R. Equations were solved in spaceless
setting and, later, also in the Sobolev space W'-setting. Nugzar
Shavlakadze (Tbilisi) investigated the Prandtl equation with a
similar approach independently.

| have noted, that equation (5.3) belongs to a class of convolution
equations on the Lie group G = (—1,1). Thia approach has many
advantages and allowed to investigate convolution equations for
other Lie groups and get deeper results: multiplier theory,
general space setting 7, GHj etc.
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10.BVP FOR THE LAPLACE-BELTRAMI EQUATION
ON HYPERSURFACE WITH LIPSCHITZ BOUNDARY

Let ¥ be a smooth hypersurface in R® with the Lipschitz
boundary I' = 0%. We assume a bit more: the boundary I' is
piecewise-smooth, i.e., the tangent vector to I has jumps only at
the finite number of knots

vit)

t

(=1 Eyﬁp

rﬁr/@ :
Fig. 5
Mr = {c1,...,cn} C T (see Fig. 5). The inner angle o; between the

tangent lines at the knot ¢; satisfies the inequality 0 < o; < 2.
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10.BVP FOR THE LAPLACE-BELTRAMI EQUATION
ON HYPERSURFACE WITH LIPSCHITZ BOUNDARY

Let v := (vy,10,13)" be the normal vector field on the surface %
and vr == (vr1,vr2,vr3) be the normal vector field on the
boundary I', tangential to the surface %.

The boundary I is decomposed in two parts 04 =T =Tp Uy and
we study the following mixed boundary value problem

A u(t) = f(1), ted,
ut(s) =g(s), on [p, (10.1)
(Ouru)*(s) = h(s), on .

Here Ay is the Laplace-Beltrami operator
Ny =D+ D5+ 9%,  95:=0—v0,, j=12,3

91, 9», 25 are Glnter’s tangential derivatives on the surface and
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10.BVP FOR THE LAPLACE-BELTRAMI EQUATION
ON HYPERSURFACE WITH LIPSCHITZ BOUNDARY

Ovr = r1 %1 +vr2%2 +vr 393

is the normal derivative on the boundary ', tangential to the
surface %.

The pure Dirichlet and pure Neumann problems are particular
cases of the BVP (10.1) when, respectively, [y = 0 and 'p = (). The
next theorem was proved in R. Duduchava, M. Tsaava T.
Tsutsunava in [DTT14].

Theorem |

The Mixed BVP (10.1) and the pure Dirichlet BVP (when Iy = ())
have unique solutions in the classical weak setting:

ueHY(¢), feH (%), (10.2)
g c H'/2(Tp), he H-12(Ty). '
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10.BVP FOR THE LAPLACE-BELTRAMI EQUATION
ON HYPERSURFACE WITH LIPSCHITZ BOUNDARY

Theorem continued

The pure Neumann BVP (10.1), when ', = (), has a unique
solution in the classical weak setting (10.2) only for those data

which satisfy the following necessary and sufficient compatibility
condition (f,1),, — (h, 1) = 0.

If f and h are regular integrable functions, the solvability
condition acquires the form:

| fydo ~ § ns)ds o

To get more information about solutions to the BVP (10.1) we
consider it in the following

ueGHS(¢,p), feGHS2(%,p), geGHy "P(T,p), (10.3)

n

s—1-1/p 1 -
heGHS "M p), 1<p<oo, s> 5 p(t) =TIt gl



10.BVP FOR THE LAPLACE-BELTRAMI EQUATION
ON HYPERSURFACE WITH LIPSCHITZ BOUNDARY

The weighted spaces GH(¢, p) and GHZ(T, p) are defined, as
usual, locally.

To the set of knots 01 we add all those smoothness points on
I where the Dirichlet and Neumann boundary conditions collide
and the angle there is o, = 7.

Let Dt = Mipp U MaN U Nipn, Where:

@ Mpp consists of those knots ¢; where the Dirichlet boundary
conditions collide;

@ My consists of those knots c; where the Neumann boundary
conditions collide;

@ Mipy consists of those knots ¢; where the Dirichlet and
Neumann boundary conditions collide.

R. Duduchava (University of Georgia)
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10.BVP FOR THE LAPLACE-BELTRAMI EQUATION
ON HYPERSURFACE WITH LIPSCHITZ BOUNDARY

To each knot ¢; we assocoate a model domain-angle of the same
magnitude o; (see Fig. 6).

v(t) = (—sin a,cos a)

t = (t cos a,t sin o)

| o Lo
) t=(t,0)T RB*

v(t) = (0,—1)T

Fig. 6. Angular domain €,

R. Duduchava (University of Georgia)
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10.BVP FOR THE LAPLACE-BELTRAMI EQUATION
ON HYPERSURFACE WITH LIPSCHITZ BOUNDARY

In the model domain consider the following model BVPs:

DD. Ata knot ¢; € Mpp the Dirichlet BVP for the Laplace
equationin in the setting:

{ Au(x) = f(x), X € Qa,,
ut(t) =g(t), on [, =RTUR,,
U € GHS(Q,, t%), fe GHS 2(Qq, t%), geGW5 /P(r,, t%).

(10.4)

NN. At a knot ¢; € Mtyy the Neumann BVP for the Laplace
equationin in the setting:

Au(x) = f(x), X € Q)
(D)™ (1) = h(t), on g
Ue GHS(Qu, t%), feGHS 2(Q,t%), heGWy '~VP(r,, t%).

(10.5)
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10.BVP FOR THE LAPLACE-BELTRAMI EQUATION
ON HYPERSURFACE WITH LIPSCHITZ BOUNDARY

DN. At a knot ¢; € 9ipy the Mixed Dirichlet-Neumann BVP in the

setting:
Au(x) = f(x), X € Qq,
ut(t) = g(t), on Rt (10.6)
(Ox,U)T(t) = h(t), on Ry,

u € GH(Qa, t%),  f e GHY ?(Qq, 1),
g e GWS (M, t%), heGwy "VP(r,, 1),
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10.BVP FOR THE LAPLACE-BELTRAMI EQUATION
ON HYPERSURFACE WITH LIPSCHITZ BOUNDARY

Theorem

(Local Principle). The initial mixed boundary value problem (10.1)
in the non-classical setting (10.3) is Fredholm if and only if all
model BVPs (10.4), (10.5)and (10.6) are Fredholm.

The model BVPs (10.4), (10.5) and (10.6) have at most one
solution in the space H'(Q,) in the classical setting.
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10.BVP FOR THE LAPLACE-BELTRAMI EQUATION
ON HYPERSURFACE WITH LIPSCHITZ BOUNDARY

Theorem
1+ Qj

Let o € (0,27), §; = ,j=1,2...,n. The mixed BVP (10.1) is
Fredholm in the setting (10.3) if and only if:

Bj == (7T — Oz/')/(27T — aj) for all G € Mpp, (10.7)
Bj =£ 77(27r — aj), for all (RS M, (10.8)

Bj # (3™ — 20) /(471 — 20yj), (7 —a)/ (27 — @), (2aj — 7)/(2cj)
forall c¢; € Mpy. (10.9)

Outline of the proof: We apply the standard potential method and
derive the equivalent Boundary Integral Equations (BIEs) for our
three model BVPs. Here we expose only one:
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10.BVP FOR THE LAPLACE-BELTRAMI EQUATION
ON HYPERSURFACE WITH LIPSCHITZ BOUNDARY

DD. At a point ¢; € Mipp the equivalent 2 x 2 system of BIE to the
model Dirichlet BVP is:
1
/ n K1/a- + K1I T—of
AppWi= | 4 21[ ¢ T e ”} V=G, (10.10)
E |:Keiaj + Kei(27r—aj)i| l

where W = (W, W,)", G= (G, Go)" € GW3 /P(R, t%) and

w 1 [ Y(r) dr
oty = | [T L e e

s oo T
_ eila
T

is a Mellin convolution and its symbol (the Mellin transform i, of
the kernel) is:
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ON HYPERSURFACE WITH LIPSCHITZ BOUNDARY

gl(w=m)(B+iE=1) vi+ 1
%}w@):m, = /,O , O<w<m.
Then the symbol of App is
cos(m — aj)(Bj + i§ — 1)
1 inr(8 + I6)
“pp(§) = cos(m — a;)(B; + i§ — 1) S
sin (3 + i€) 1

and

det App(€) — cos(2m — o) (B; .—1—215 — 1)c'os oj(Bj + i — 1) L0,
sin® (B + i€)
is necessary and sufficient condition for the invertibility.
Similarly are investigated the model Neumann-Neumann and
Dirichlet-Neumann BVPs.
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11. GLOBAL PSEUDO-DIFFERENTIAL
OPERATORS ON THE LIE GROUP G = (—1,1)"

With Duvan Cardona, Arne Hendrickx & Michael Ruzhansky
In the recent work (submitted for publication) we characterise the
Hoérmander classes on the open manifold G = (—1,1)". We show
that by endowing the open manifold G = (—1,1)" with a group
structure, the corresponding global Fourier analysis on the group
allows to define a global notion of symbol on the phase space
G x R". We study the class of pseudo-differential operators
V75(G x R") associated with the global Hormander classes
S;s(G x R™). Are proved, in particular, L°-Fefferman type
estimates and Calderon-Vaillancourt theorems, formulas for the
composition, Gohberg lemma on compactness, hew theorems on
boundedness of ¥YDOs with non-classical symbols, having
jump-type discontinuities on R”. We prove also
Atyah-Singer-Fedosov Index formula for elliptic WDOs with elliptic
matrix symbols from the Hormander classes S7';(G x R").
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Thank you!
Questions?
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