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gfé:_‘ﬁ%f_g“ Lavrentiev Gap

Fakultat fir Mathematik

What is the natural space to minimize
F(w) = fQ B(x, Vw) dx?

Q All w e W20 with finite energy? (1915 Tonelli's Existence Theorem)
@ Smooth functions w € H-%()?

Lavrentiev's example 1926

aiIT1E/]-'(W)< inf  F(w)

smooth w

[Mania]: f(x,w,Vw) = (x - w?)2(w)®,
w(0) =0 and w(l) =1,
Winin(X) = X3, F(Wmin) = 0.

M. A. Lavrentiev
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UNIVERSITAT

BIELEFELD Density of Smooth Functions
e Fakultét fir Mathematik
Let WHP(Q) = {w : [wly, = [w], + [Vw], < co},

HYP(Q) := closure of C1(Q) in WP,

WP (Q) = HYP(Q) for all domains and p € [1, ).
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g,'é:_\ﬁ:%f_g” Density of Smooth Functions

Fakultat fir Mathematik
1
Let WHP(Q) = A{w = |wly = [wl, + [Vw], < oo},
HYP(Q) := closure of C*(Q) in WP,

Meyers and Serrin, 1964, “H = W"

WP (Q) = HYP(Q) for all domains and p € [1,0).

Local result due to Friedrichs.

Main tool:

Friedrichs mollifies: w * ¢, = w in WLP,

= No Lavrentiev gap for f(Vw).
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g,'é:_\ﬁ:'éf_g” Sobolev-Orlicz Spaces: H + W

Fakultat fir Mathematik

We assume A» and V> conditions and
[t~ s d(x,t) S|t

where 1 < p_ < p, <00, ¢ 20, ¢, >0.

ey =it 120 [ #0x FCa s 1.
LP(Q) = {f € L2(Q) : [f] 20 (qy < o0}
We define the generalized Orlicz-Sobolev spaces W1%() and H-%()
WHO(Q) = {w e WH(Q) : vw e L7O(Q)},

[wlwreo @y = wli@) + VW20 @)
HY*0)(Q) = (closure of C(Q) n WH*O(Q)).
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g,'é:_\ﬁ:'éf_g” Regular case: H=W

Fakultat fir Mathematik

An integrand @(x, t) is regular in the domain Q if for all u € Wol’(?(‘)(Q) there exists a
smooth sequence u. € C;5°(£2) such that

Q u.—uin Wol’l(Q);
Q limeso [o P(x,Vu:) dx = [o P(x, Vu) dx := F(u).

This is equivalent to H = W:

Sheffeé’s theorem: &(x,Vu.) — (x,Vu) in L1(Q),
Convexity+Aj 1 P(x,|Vu: — Vu|) SP(x,|Vue]) + P(x, |Vul|).

Thus &(x, |Vu: — Vul) is uniformly inegrable, goes to zero.

Anna Kh.Balci Regularity VS Lavrentiev gap: borderline case of double-phase potential 4/28



g,'é:_\ﬁ:ﬁg“ The Sufficient Condition for Regularity

Fakultat fir Mathematik

Lemma (Zhikov 1995)

Assume, that there exist Carathéodory functions ®.(x,t):
O Non-standard growth conditions: |t|P” s ®(x,t) < |t|” ;
Q &-(x,0)=0;

Q D(x,t) SP(x,t)+1 for x € Q, t< 5%;
Q P.(x,t) $P(y,t)+1 for |x—y|Se, teR,.

Then the integrand ®(x, t) is regular.
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LBJE:_\{;E:'E?_'SAT The Sufficient Condition for Regularity

Fakultat fir Mathematik

Lemma (Zhikov 1995)

Assume, that there exist Carathéodory functions ®.(x,t):
O Non-standard growth conditions: |t|P” s ®(x,t) < |t|” ;
Q &.(x,0)=0;

Q D(x,t) SP(x,t)+1 for x € Q, t< 5%;
Q P.(x,t) $P(y,t)+1 for |x—y|Se, teR,.

Then the integrand ®(x, t) is regular.

The other form in Harjulehto and Hasto 2019: ADec-condition
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EE:_\EEFETSAT Fine Properties

- Fakultat for Mathematik

If p(x) is log-Holder continuous, i.e.

lp(x) = p(y)| < ;1 then @(x, t) is regular.

log(e + F )’

B (x,y) = ¢, p.(x) = min {p(y), |y - x| < 2ke}.

If a(x) is Lipschitz continuous and

d+1
g< - p, then @(x,t) is regular.

B.(x,y) = [tP + a-(x)[t], a-(x) = min {a(y).ly - x| < 2ke}
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UNIVERSITAT . ..
BIELEFELD Applications

Fakultat fir Mathematik

If H =W there are many questions to study for different models:
Regularity of solution: Acerbi-Mingione, Fonseca,Maly, Baroni,Colombo...

Boudedness of integral operators: Diening, Cruz-Uribe, Fiorenza, Samko...

Calderon-Zygmund estimates: Mingione, Diening, Byun, Hasto...

Obstacles: Byun, Oh, Ok, ...

Manifolds: De Fillipis, Mingione...

General Muselak-Orlicz spaces: Chlebicka, Zatorska-Goldstein, Lee ...

Many models and overview: also nonconvex book of Harjulehto and Hasto
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Boudedness of integral operators: Diening, Cruz-Uribe, Fiorenza, Samko...

Calderon-Zygmund estimates: Mingione, Diening, Byun, Hasto...

Obstacles: Byun, Oh, Ok, ...

Manifolds: De Fillipis, Mingione...

General Muselak-Orlicz spaces: Chlebicka, Zatorska-Goldstein, Lee ...

Many models and overview: also nonconvex book of Harjulehto and Hasto

If H+ W Regularity of H- and W-solution: Zhikov, Alkhutov, Surnachev
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EE:_EE,S_'SAT First 2D example: Lavrentiev Gap, H + W

- Fakultat for Mathematik

|VW|p(X)
a  p(x)
inf F(w)< inf F(w).

all w smooth w

F(w) =

dx — min,

Saddle point, Exponent crosses dimension.

V. V. Zhikov
1940-2017
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LBJE:_E'ETSAT Double Phase Potential

Fakultat fir Mathematik

Let F(w) := /QWWVJ +a(x)|[vw|?dx with 1<p<qganda>0.
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&'E:_\{;EF'E‘T‘_'SAT Double Phase Potential

Fakultat fir Mathematik

Let F(w) := fQ|VW|p+ a(x)|vw|? dx with 1<p<gqand a>0.

Marcellini '80’s; Esposito-Leonetti-Mingione '04:
‘fWeight a Function u

____________

Gap if p<d < d+a<qg—lack of the higher regularity Dimensional threshold ?

Anna Kh.Balci Regularity VS Lavrentiev gap: borderline case of double-phase potential 9/28



gfé:_\ﬁ:%f_g” Double Phase Potential

Fakultat fir Mathematik

Let F(w) := /Q|Vw|p+ a(x)|vw|? dx with 1<p<gqand a>0.

Marcellini '80’s; Esposito-Leonetti-Mingione '04:
; Weight a Function u

Gap if p<d<d+a<q—lack of the higher regularity Dimensional threshold ? NO!

General procedure for Lavrentiev gap examples Balci, Diening, Surnachev 2020
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g,'é:_\ﬁ:'éf_gﬂ General algorithm: Balci, Diening, Surnachev 2020

Fakultét fir Mathematik
Using fractal geometry we construct function v and b such that

Theorem Balci, Diening, Surnachev, CalVar and PDE’s 2020
For all pg € (1,00) we have d =2

Q There exist u, v with Vu e L?0) and vtv e L270),

Q (V!v,Vu) =0 for G§° but (V'v,Vu) #0 for WH0),

QO WL20 + HL20) and Wy 2 Hy 0.

Q Lavrentiev gap.

The Dimension Conjecture: d is not important for the special cases.
d>2 V*v replaced by b=divA
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UNIVERSITAT Basic building block

- Fakultat for Mathematik

Function u

p~<d<p*
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Function u

p-<d<p*

Contact set S of u has dimension zero. WLP" — (O

controls v on S, but not WP~
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UNIVERSITAT Basic building block

- Fakultat for Mathematik

Function u

p-<d<p*

Contact set S of u has dimension zero. WHP" — (0
controls u on S, but not W1P" .
Idea: Increase © :=dim(S) to reduce p*.

For example: S := %—Cantor—set.

D =log(2)/log(3) ~0.631, 2=3°.
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\VERSIT
BIELEFELD | Cantor Necklace p~2-9, 2=3°

Fakultat fir Mathematik

Function u

1
2
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BIELEFELD Cantor Necklace p~2-9, 2=3°

s Fakultét for Mathematik

Function u and exponent p - p~  blue.
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UNIVERSITAT
BIELEFELD

s Fakultét for Mathematik

Cantor Necklace

Function u and exponent p

Anna Kh.Balci

P
p(x): p~ blue.

/ |VU|P(X) e
Q

~ [ |VulP dx

scaleJ blockB

green,
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UNIVERSITAT
BIELEFELD

- Fakultat for Mathematik

Cantor Necklace

Function u and exponent p

G

I
I
I
I
1
I
J

Anna Kh.Balci

+

pt  green,
p(x):=1 _
p~ blue.

[ |V ulP™) dx
Q

2l

f |VulP dx

scaleJ blockB
=y 237 @E)
Jj=0
Z 3(9_2+p_).l < 00
Jj=0
if p~<2-9.
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UNIVERSITAT
BIELEFELD Cantor Necklace p~2-9, 2=3°

Fakultat fir Mathematik

Function v
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\VERSITA
BIELEFELD Cantor Necklace p~2-9, 2=3°

s Fakultét for Mathematik

() p"  green,
. X) =
Function v and exponent p P p~  blue.
pr>2-9
1 1 0 — e e . .
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UNIVERSITAT
BIELEFELD Case p~ (2-D)'>2

Fakultat fir Mathematik

Function u Function v

i
i
i
i
i
I
I
i
i
:
: 0
i
I
I
I
i
i
i
i
i
i

PaANN
-.¢—-<@ e
G
N=

L e e e e e e e e e e e e e - = 2 L e - - - RN A\

In 2D roles of u and v just change.
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UNIVERSITAT Application 2: Double Phase Potential

e Fakultdt fir Mathematik
Let F(w) := /;Z [Vw|? +a(x)|Vw|?dx with 1< p<qanda>0.
Resent Positive results:

if w is a bounded minimizer of F and g < p + a, then w is automatically in W19(Q).

if w is a minimizer of F, he C%(Q) and g< p + % then w is automatically
in Wh9(Q).

These results are sharp!
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Let F(w) := /;Z [Vw|? +a(x)|Vw|?dx with 1< p<qanda>0.
Resent Positive results:

if w is a bounded minimizer of F and g < p + a, then w is automatically in W19(Q).

if w is a minimizer of F, he C%(Q) and g < p + ﬁ then w is automatically
in Wha(Q).

These results are sharp!

p-1
Gap for g > p+amax{l, 5= }.
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g,'é:_‘ﬁ%f_gﬂ Motivation: Baroni, Colombo, Mingione

Fakultat fir Mathematik

Borderline case of double-phase: @(x, t) = |t|’ + a(x)|t|” log (e + |t|)
Baroni, Colombo, Mingione (2015)

Let a(-) be log-Hdlder continuous. Then u e C&’f(ﬂ) for some € (0,1).
If a(-) is vanishing log-Holder, then u € Clg’f(Q) for every 5 € (0,1).

Anna Kh.Balci Regularity VS Lavrentiev gap: borderline case of double-phase potential 16/28



g,'é:_\ﬁ:ﬁg“ Motivation: Baroni, Colombo, Mingione

Fakultat fir Mathematik

Borderline case of double-phase: @(x, t) = |t|’ + a(x)|t|” log (e + |t|)
Baroni, Colombo, Mingione (2015)

Let a(-) be log-Hdlder continuous. Then u e C&;B(Q) for some € (0,1).
If a(-) is vanishing log-Holder, then u € Clg’f(Q) for every 5 € (0,1).

Example of Lavrentiev gap? Balci, Surnachev 2020

D(x,t) = |Vt|Plog (e +|Vt]) + a(x)|Vt]P log” (e + |Vt]) dx

the case =0, a = 1 corresponds to [BCM15].

More general @(x, t) := p(t) + a(x)¥(t).
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g,'é:_\ﬁ'éf_g” Borderline case: Sufficient Condition for Regularity

Fakultat fir Mathematik

With the help of general Lemma of Zhikov we get
Balci, Surnachev 2020
Let B(x, t) := |Vt|]’log “ (e +|Vt]) + a(x)|Vt|’ log” (e +|Vt|) dx
Assume that the weight a(x) is non-negative, bounded and has the modulus of continuity
ko
w(r) T’ if r <
(r1)

Then the integrand @ is regular: C;°(2) is dense in Wol’é(')(Q).
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IR EERSITAT Checkerboard setup: full description

e Fakultdt fir Mathematik
1 _ 1
F(w):= fQ §|VW|2 log B(e +|Vw|) + a(x)§|Vw|2 log™ (e + |Vw]) dx
The weight a(x) as defined as
1, if [x1] < |x2]
0, if |X1| > |X2|.

a(x) =

Weight a Function u

One saddle point
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L TAT Borderline Case: Density

Fakultat fir Mathematik

1 . 1 ,
F(w) = fﬂ E\Vw\z log P (e +|Vw]|) + a(x)§|VW]2 log” (e + |[Vw]) dx

Theorem (Balci, Surnachev ArXiv 2020)

H&’@(') = Wol’gp(') if min(a, B) < 1.
H(},@(') + W017<P(~) if a>1and>1.
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g,'é:_\ﬁ'éf_g“ Borderline Case: Density

Fakultat for Mathematik

1 p 1
F(w) = fﬂi\vw\? |og*d(e+\vw\)+a(x)§|va2 log” (e + |[Vw]) dx

Theorem (Balci, Surnachev ArXiv 2020)

1.8() 1 8() oo
H(i 0 = W01 o l.fmm(a.,d) <1 H= W H+W
Hy’ + Wy if «a>1andfp3>1. !

This is the case of one saddle point.

Q «,8>1 - example of Lavrentiev gap. | - ____ N mle mm o m e e
Q «a <1 - the saddle point is removable. }

Q a>1, fe[0,1] — use the estimates for the
modulus of continuity of ue W10 a=1.
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UNIVERSITAT Proof Sketch: Case o> 1, />1

Fakultdt fir Mathematik
F(w) = /QQS(X, w) dx

1 1
:/QEIlezlog*ﬁ(eHVWl)+a(X)§!VW|2|°ga(e+|VW|)dX’

Lavrentiev gap: _/Q(p(x, |Vul) dx S _/G |Vul?log ™’ (e +|Vu]) dx
reen

2 dt .
< f —————— < oo, provided [ > 1.
0 tlog’(e+t)

b=vtv: fQ@*(X,|b|)dx§fBl b2 log (e + |b]) dx

2 dt .
5/ ———————— < oo, provided o> 1.
o tlog*(e+t)
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UNIVERSITAT Proof Sketch: Case o> 1, />1

Fakultat fir Mathematik

f(w)=£z¢(x,w)dx

1 B 1
:[SZEIlezlog ﬁ(e+|VW|)+a(X)§!VW|2|°ga(e+|VW|)dX'

So for o, > 1 we have [o®(x,|Vul)dx, [qP*(x,|V'v])dx < oo.

S(w):= | Vw-V'vdx.
Q

Then F(tid) + S(tid) <0 for some t > 0.
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UNIVERSITAT Proof Sketch: Case o> 1, />1

Fakultat fir Mathematik

f(w)=£2¢(x,w)dx

1 1
:[SZEIlezlog*ﬁ(eJerWl)+a(X)§!VW|2|°€a(e+|VW|)dX'

So for o, > 1 we have [o®(x,|Vul)dx, [qP*(x,|V'v])dx < oo.
S(w) ::[QVW-VLvdx.

o fit=nue W()1’¢(')(Q).

Then F(ti) + S(td) <0 for some t > 0.
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Fakultat fir Mathematik

f(w)=£2¢(x,w)dx

1 1
:/SIEIVwIzIog*ﬁ(eJerWl)+a(X)§!VW|2|°€a(e+|VW|)dX'

So for o, > 1 we have [o®(x,|Vul)dx, [qP*(x,|V'v])dx < oo.
S(w) ::[QVW-VLvdx.

o fit=nue W()1’¢(')(Q).
e S=0o0n Hé’¢(')(Q) using div v+ = 0.

Then F(ti) + S(td) <0 for some t > 0.
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UNIVERSITAT Proof Sketch: Case o> 1, />1

Fakultat fir Mathematik

f(w)=£2¢(x,w)dx

1 1
:/SIEIVwIzIog*ﬁ(eJerWl)+a(X)§!VW|2|°€a(e+|VW|)dX'

So for o, > 1 we have [o®(x,|Vul)dx, [qP*(x,|V'v])dx < oo.
S(w) ::[QVW-VLvdx.

o fit=nue W()1’¢(')(Q).

e S=0o0n Hé’¢(')(Q) using div v+ = 0.

o S(d) = —fBQ(uVlv)-uds= -1
Then F(tid) + S(tid) <0 for some t > 0.
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g,'é:_‘ﬁ'éf_g“ Proof Sketch: Case o <1

Fakultat fir Mathematik
F(w) = /Q@(X, w) dx
1 2 iy 1 2 «
= /;2 §|VW] log 7 (e+|Vw|) + a(x)§|VW| log” (e +|Vw]) dx.

If « <1then H=W.
The saddle point is removable by cut-off.

Cy° approximating sequence: U, = u.
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g,'é:_\ﬁ:'éf_g” Proof Sketch: Case o <1

Fakultat fir Mathematik
F(w) = /Q@(X, w) dx
1 2 iy 1 2 «
= /;2 §|VW] log 7 (e+|Vw|) + a(x)§|VW| log” (e +|Vw]) dx.

If « <1then H=W.
The saddle point is removable by cut-off.

Cy° approximating sequence: U, = u.
Jo @(x,|Vne]) dx - 0 as € — 0.

Sufficient to show that

10 1og(e + [91c]) o 0.

/S;@(X, IV (u - u.)]) dx — 0.
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g,'é:_ﬁ'éf_g” Proof Sketch: Case a <1

Fakultat fir Mathematik
F(w) = fQ@(X, w) dx
1 1
= /;2 §|VW|2 log (e +|Vw]) + a(x)§|VW|2 log” (e +|Vw]) dx.

If « <1then H=W.
The saddle point is removable by cut-off.

r

Cy° approximating sequence: U, = u. ) N
) rzeg,
Jo ®(x,|Vne]) dx - 0 as £ > 0. (r) = | losi/e)loglog(n)  -1e
Sufficient to show that 'le log(1/¢)~loglog(1/e)” ’
0, r<e e,
[ v 1og(e + Vi) dx 0.
“ Weight a
1 h |
[ @9 (u-u)]) dx 0. " o? 20
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UNIVERSITAT Proof sketch:Case o > 1, <1

- Fakultat for Mathematik

1 1
F(w) = [Q 5|vw|2 log (e + |vwl) + a(x)§|VW|2 log” (e + [Vw|) dx

=qus(x, w) dx=fﬂg0(t)+a(x)1/)(t) dx.

Weight a

If o >1 and ue WHPC)(Q) then it is continuous in Blue
with modulus of continuity

1-a
w(t) S [Vl we (Bue) log 2 (1/t),  t<1/e.

Limit values from below and above u™, u™.
If a>1, <1 and ue WO (Q), then u* = u™. If u* = u™, then ue H-?0)(Q).
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g,'é:_\ﬁ'éf_g“ Borderline case: Summary

Fakultat for Mathematik

1 p 1
F(w) = fﬂi\vw\? |og*d(e+\vw\)+a(x)§|va2 log” (e + |[Vw]) dx

Theorem (Balci, Surnachev ArXiv 2020)

Hy?O 2 WP if a>1and 8>1 .

Lo() _ 4 L20) . p :
HO = WO Ifmln((%./d) <1 H _ W: H + W
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g,'é:_\ﬁ'éf_g“ Borderline case: Summary

Fakultat for Mathematik

1 p 1
F(w) = fﬂ E\VWF’ log ?(e+|vw]) + a(x)EWW|d log” (e + |Vw]|) dx

Theorem (Balci, Surnachev ArXiv 2020) !
HYPO e W if a>d-1and B> 1.

H=W, H=+W
otherwise Hé’qs(') = WOL@('). !
Also works for any d. :
. . 1r--
New density results+examples of Lavrentiev gap. Lo
Surprising hidden regularity even for bad weights. | a1 T TTa
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L TAT H-Minimizer VS W-Minimizer
Fakultdt fir Mathematik

Different notions of @(-)-harmonic functions:

& =infG(Wy M (Q)) inf G(Hy " (Q) = &
WEO(Q) = g + WHTO(Q) HEPO(Q) = g + HE?O(Q)
hw(g) = argmin F(W;*0(Q)) hw(g) = argmin F(Hy " (Q))
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L TAT H-Minimizer VS W-Minimizer
Fakultdt fir Mathematik

Different notions of @(-)-harmonic functions:

& =infG(Wy M (Q)) inf G(Hy " (Q) = &
WEO(Q) = g + WHTO(Q) HEPO(Q) = g + HE?O(Q)
hw(g) = argmin F(W;*0(Q)) hw(g) = argmin F(Hy " (Q))

If there is Lavrentiev gap, the hyy + hy!
Idea: use tu as a boundary value, then for sufficiently large t hy # hy.

Balci, Surnachev 2020

Let a, 8 > 1. Any H-minimizer hy is continuous in Q. Any W-minimizer hyy that is not
equal to hy is discontinuous at the origin.
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L TAT H-Minimizer VS W-Minimizer
Fakultdt fir Mathematik

Different notions of @(-)-harmonic functions:

& =infG(Wy M (Q)) inf G(Hy " (Q) = &
WEO(Q) = g + WHTO(Q) HEPO(Q) = g + HE?O(Q)
hw(g) = argmin F(W;*0(Q)) hw(g) = argmin F(Hy " (Q))

If there is Lavrentiev gap, the hyy + hy!
Idea: use tu as a boundary value, then for sufficiently large t hy # hy.

Balci, Surnachev 2020
Let a, 8 > 1. Any H-minimizer hy is continuous in Q. Any W-minimizer hyy that is not
equal to hy is discontinuous at the origin.

Can we calculate hyy numerically?
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g,'é:_\ﬁ:ﬁg“ Numerics for Problems with Lavrentiev Gap

Fakultat fir Mathematik

Mania

1.01

F(w) = fo (x = w(x)®)2(W(x))° dx
for w(0) =0 and w(l) =1

0.8 4

0.6 4

1
Winin(X) = X3

0.4 1

0.2 4

0=i|11f]-‘(w)< inf  F(w)
all w

004 smooth w

0.‘0 0.‘2 0:4 0:6 0:8 l:O
Problem: Standard FEM fails to converge to correct solution.

[Ball, Knowes; Carstensen, Ortner| Partial results for DG-methods.
Idea is to use Crouzeix-Raviart FEM for functionals with x-dependence.
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g,'é:_\ﬁﬁg” Numerics for Lavrentiev gap

Fakultat fir Mathematik

—div(|[VAPO2|vh) =0 in Q,

h=tu on 0f.
for log-Hélder p(-) standard FEM: 1. Storn
Breit, Diening, Schwarzacher 2015.
Exponent p Function u ¢ H 60 1
W 40f 1
Lﬁ 20 - -
e F(L)

0r ——F(CR) |

0 2 4 6 8 10
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g,'é:_\ﬁ:'éf_g” Summary and further research

Fakultat fir Mathematik

Q General procedure using fractals: variable exponent, double-phase,
weighted p-energy.

Q We have the full description for the model
B(x,t) = |Vt]Plog (e +|Vt|) + a(x)|Vt]’ log”(e + |Vt|) dx if p=d.

Hy® = WP if o> d—1and 8> 1. Otherwise Hy*) = W ®0).

© New numerical results for special cases.
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Fakultat fir Mathematik

Q General procedure using fractals: variable exponent, double-phase,
weighted p-energy.
Q We have the full description for the model
B(x,t) = Vi’ log " (e +|Vit]) + a(x) |Vl log™ (e +|Vit]) dx if p=d.

Hy® = WP if o> d—1and 8> 1. Otherwise Hy*) = W ®0).

© New numerical results for special cases.

What about general p? Need thin and ultra-thin Cantor sets.

We study Lavrentiev gap for partial spaces of differential forms.
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g,'é:_\ﬁ:%f_g” Summary and further research

Fakultat fir Mathematik

Q General procedure using fractals: variable exponent, double-phase,
weighted p-energy.

Q We have the full description for the model
B(x,t) = |Vt]Plog (e +|Vt|) + a(x)|Vt]’ log”(e + |Vt|) dx if p=d.
Hy® = WP if o> d—1and 8> 1. Otherwise Hy*) = W ®0).
© New numerical results for special cases.
What about general p? Need thin and ultra-thin Cantor sets.

We study Lavrentiev gap for partial spaces of differential forms.
Tomorrow: 14:15 - Swarnendu Sil Nonlinear Stein theorem for differential forms
via ZOOM-Conference ID 926 5310 0938 Password: 1928
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