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FA-ToolBox

Solving PDEs with Hilbert Complexes

FA-ToolBox
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general observations

A:D(A)cHo - Hji (lin, dd, cl) and Hg, Hi Hilbert spaces

question: How to solve?
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general observations

A:D(A) c Ho — Hy (lin, dd, cl)

solution theory in the sense of Hadamard

e existence < feR(A)
® uniqueness < Ainj < N(A)={0} < Al exists
e contdepon f < A7l cont

= x=A"1f e D(A) and cont estimate (Friedrichs/Poincaré type estimate)

Xy = |A™ Flny < calfln, = calAx]u,

= best constant ca = ‘Ail‘R(A),Hg
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general observations

A:D(A)cHy—~H;
A*:D(A*) cH; - Hp Hilbert space adjoint

Helmholtz/Hodge/Weyl decompositions (projection theorem)

Hy = R(A) ® N(A*),  Ho=N(A)® R(A*)

Ax="f

solution theory in the sense of Hadamard

e existence < feR(A)=N(A*)* (Fredholm alt, if R(A) cl)
e uniqueness < Ainj < N(A)={0} < A7l exists
e contdeponf <« A!cont <  R(A)cdl (cl range theo)

fund range cond: ‘ R(A) = R(A) closed ‘ (must hold ~ right setting!)

kernel cond: N(A) = {0} (fails in gen ~ proj onto N(A)* = R(A*) = R(A*))
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FA-ToolBox for linear (first order) problems/systems

Ax =f

general theory

@ solution theory
o closed ranges

o Friedrichs/Poincaré estimates and constants
o Helmholtz/Hodge/Weyl decompositions
@ compact embeddings

@ continuous and compact inverse operators
o . .
o

idea: solve problem with general and simple lin fa (== FA-ToolBox) ...
literature: many parts probably very well known for ages, but hard to find ...
(Friedrichs, Weyl, Hérmander, Fredholm, von Neumann, Riesz, Banach, ... ?)

Why not rediscover and extend/modify for our purposes?
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1st fundamental observations

A:D(A)cHy — Hj ldde, A*:D(A*) c H; — Hp Hilbert space adjoint
(A, A*) dual pair as (A*)* = A=A
A, A* may not be inj

Helmholtz/Hodge/Weyl decompositions (projection theorem)

Hy= N(A*)® R(A)  Ho=N(A) @ R(A*)

reduced operators restr to N(A)* and N(A*)*

A= Alnay: = Algasy A= Aty = Aty

A, A% inj = AL (A7) ex
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1st fundamental observations

A:D(A)cHy—Hi, A*:D(A*)cH; — Hp lddc (A, A*) dual pair

Hi= N(A*)® R(A)  Ho=N(A) @ R(A*)

more precisely

A= Alzaey i D(A) € R(A*) - R(A), D(A) := D(A) n N(A)* = D(A) n R(A*)

A* = Allggy s D(A™) € R(A) - R(A%),  D(A*):= D(A") n N(A*)* = D(A*) nR(A)
(A, A*) dual pair and A, A*inj =
inverse ops exist (and bij)
AT R(A) - D(A)  (AY)TT:R(A*) - D(AY)
refined decompositions

D(A) =N(A)e D(A) D(A*) = N(A*) @ D(A*)

R(A)=R(A)  R(A*)=R(A%)
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1st fundamental observations

Lemma (Friedrichs-Poincaré type est/cl range/cont inv)

closed range theorem & closed graph theorem =

The following assertions are equivalent:

(i) 3ca €(0,00) VxeD(A) [X[H, < calAx]|H,
(i) Jcax €(0,00) VyeD(A*)  |yln; < cax|A%yln,
(ii) R(A) = R(.A) is closed in Hy.

(ii*) R(A*) = R(A*) is closed in Hyp.

(ii*) (A*)7!:R(A*) - D(A*) is continuous and bijective.

Dirk Pauly

(i) A7 : R(A) — D(A) is continuous and bijective.
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1st fundamental observations

recall

N

() 3ca €(0,00) VxeD(A) X, < calAx|n,
(i*) Jcar € (0,00) VyeD(AY) [¥IH,

IN

ca+ AT ylng

‘best’ consts in (i) and (i*) equal norms of the inv ops and Rayleigh quotients

ca = A reay,R(A%) car = [(A*) Hrear),rea)
- i |AX|n, 1 IA* Y|,
cp  0#xeD(A) |X‘H0 Ccax  0xyeD(A*) ‘Y|H1

Lemma (Friedrichs-Poincaré type const)

CA = Cax

Dirk Pauly
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1st fundamental observations

Lemma (Friedrichs-Poincaré type est/cl range/cont inv)

) ‘ D(A)«<»Hqo compact
(i) 3ca €(0,00) VxeD(A) [X|Hy < calAx|H,
(") Tear € (0,00) Yy eDCAT) Iyl < car A%l
(ii) R(A) = R(A) is closed in Hj.
(ii*) R(A*) = R(A*) is closed in Hg.
(i) A1 : R(A) » D(A) is continuous and bijective.
(ii*) (A*)7!:R(A*) - D(A*) is continuous and bijective.

(i)-(iii*) equi &  the resp Helm deco hold & |A7Y|=cp = cax = [(A*)7Y

Lemma (cpt emb/cpt inv)

The following assertions are equivalent:
(i) D(A)<»>Hq is compact.
i*) D(A*)«»H; is compact.
(
(i) A71:R(A) - R(A*) is compact.
(i*) (A*)1:R(A*) » R(A) is compact.

Dirk Pauly Hilbert Complexes and Compact Embeddings Universitat Duisburg-Essen



1Sem23 23rd Internet Seminar " Evolutionary Equations”, Zoom, (almost) Wuppertal, June 24, 2020
00000000000 e00
FA-ToolBox

2nd fundamental observations

So far no complex...

Ao : D(A()) c Ho hnd H1, A1 : D(Al) c H1 e H2 (|ddC)
A% :D(A}) cHi = Ho, A} :D(A}) cHa > Hy (Iddc)

general complex ( i.e., R(Ag) c N(A1) and R(A7) c N(A))

= Hy :;S Hi 2—_11 Hy =
recall Helmholtz deco
Hi = R(Ao) ® N(Ag)
N U = (e:g) N(A1) = R(Ao) ® (N(A1) n N(Ag))
= N(A1) @ R(A]) i

= refined Helmholtz deco

H; = R(Ao)@Nl @R(AI)

Dirk Pauly
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2nd fundamental observations

Ni=N(AD)NN(A;)  D(A1)=D(A)nR(A])  D(A]) = D(A?) n R(Ag)

Lemma (cpt emb II)

The following assertions are equivalent:
(i) D(Ao)<=»Ho, D(A1)<»Hi, and N;i<»H; are compact.
(ii) D(A1)nD(A;)<»H; is compact.

In this case Ni < oo.

| \

Theorem (FA-ToolBox )

) ‘ D(A1) n D(Ag)«»Hi compact‘

(i) all emb cpt, i.e., D(Ag)«»Ho, D(A1)«»H1, D(Ag)<»H1, D(A])<»H> cpt
(ii) cohomology group N finite dim
(iii) all ranges closed, i.e., R(Ao), R(Aj), R(A1), R(AY) d
(iv) all Friedrichs-Poincaré type est hold

(v) all Hodge-Helmholtz-Weyl type deco | & Il hold with closed ranges

N

Dirk Pauly Hilbert Complexes and Compact Embeddings Universitat Duisburg-Essen
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2nd fundamental observations

Ao A1
complex -+ 2 Hp 2 Hi 2 H, =2
A A

0 1

Theorem (FA-ToolBox | (Friedrichs-Poincaré type est))

I ‘D(Al)mD(Ag)«—»Hl compact‘ = 3 A= = car = I(AD) Y € (0,00)

(i) VxeD(Ao) [X[Hy < caglA0X|H,
(i) VyeD(Ag) ¥IHy < cnolAgYIHg
(i) VyeD(A) yln, < caylAvyln,

(ii*) YzeD(AY) |z|n, < ca,|A] z|H,

(i) Yy e D(A1)nD(Ag) (X -7mny)ylh, < caylAryln, + caglAGylH,

note my, y € Ni and (1 -7y, )y € Njf

enough R(Ao) and R(A1) ¢l
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(Static) First Order Systems

Solving PDEs with Hilbert Complexes

(Static) First Order Systems
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(Static) First Order Systems

(stat) first order system - solution theory

Ao A
complex - 2 Hp =2 Hy =2 Hy =2
e A)(- A*
0 1

dim N(Ay) = oo

find x e D(A1) n D(Aj) such that the fos

Aix=f (rotE = F)

Ajx=g think of (-divE = g)

TN X = K (mpE = K)
kernel = cohomology group = Ny =N(Ar)n N(A})

trivially necessary fe R(A1) geR(Aj) kel

apply FA-ToolBox

Dirk Pauly
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(Static) First Order Systems

(stat) first order system - solution theory

Ag Ay
1

complex T—’ Ho p=4 H; p=4 H, T—’
< A AT
find x e D(A1) n D(A) st fos ‘A:[X:f Agx=g ﬂle:k‘

Theorem (FA-ToolBox Il (solution theory))

[} ‘ D(A1) n D(Ag)<»Hi compact‘
fos is uniq sol < feR(A1) geR(A}) ke Ny

x:=xf+xg+keD(A1) @ D(Ag) ® N1 = D(A1) n D(A)

dep cont on data  |x|n; < [xfln, + [Xgln, + |k|H, < ca;lflH, + Cagl8lHo + [klH,
moreover 5 5 2 5
TRADX=XF  TRAYX =X mNx =k Ixly = el + el + Lkl

enough R(Ao) and R(A1) ¢l
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Applications: FOS & SOS (First and Second Order Systems)

Solving PDEs with Hilbert Complexes

Applications: FOS & SOS (First and Second Order Systems)
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Applications: FOS & SOS (First and Second Order Systems)

classical de Rham complex in 3D (V-rot-div-complex)

Q c R3 bounded weak Lipschitz domain, 8Q =T =0,

(electro-magneto dynamics, Maxwell’s equations)

t{o} v rot div TR
0y 2 12 =2 2 =2 2 =2 L) = R
(0} —div rot -V LR

mixed boundary conditions and inhomogeneous and anisotropic media

vr rotr divp

L t t t ™

{0}orR =2 L? 2 L2 2 L2 2" L2 2 Ror{0}
7" —divr, € e Lrotr, -Vr, L

Dirk Pauly
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ons: FOS & SOS (First and Second Order Systems)

classical de Rham complex in 3D (V-rot-div-complex)

Q c R3 bounded weak Lipschitz domain, 8Q =T =0,

(electro-magneto dynamics, Maxwell’s equations with mixed boundary conditions)

vr rotr divp
L t t t 7‘
{0}orR =2 L? 2 L2 2 L2 2" L2 2 Ror{0}
L —divr, € e Lrotr, -Vr, L
related fos
Vru=A inQ | rotr, E=J inQ | divr, H=k inQ | wv=b inQ
mu=a inQ | -divr,eE=j inQ et rotr, H=K inQ | -Vr,v=B inQ
related sos
—divr eVr,u=j in Q | et rotr, rotr, E = K inQ | -Vr,divi, H=8B in Q
ru=a inQ | ~divr, eE=j inQ | elrotr, H=K  inQ
corresponding compact embeddings:
D(Vr,)nD(m)=D(Vr,) = H|1—r o 12 (Rellich’s selection theorem)
D(rotr,) n D(=divr, ) =Rr, N s_lDr,7 - Li (Weck's selection theorem, '74)
D(divr,) n D(e:_1 rotr,) =Dr, NRr, = L2 (Weck's selection theorem, '74)
D(Vr,)nD(m)=D(Vr,) = Hll—" o2 (Rellich’s selection theorem)

Weck's selection theorem for weak Lip. dom. and mixed bc: Bauer/Py/Schomburg ('16)

Weck's selection theorem (Weck '74, (Habil. '72) stimulated by Rolf Leis)

(Weber 80, Picard '84, Costabel '90, Witsch '93, Jochmann '97, Kuhn '99, Picard/Weck/Witsch '01,
Py '96, '03, '06, '07, '08)
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Applications: FOS & SOS (First and Second Order Systems)

classical de Rham complex in 3D (V-rot-div-complex)

rotE =F in Q
—diveE=g in Q
vxE=0 at Ny
v-eE=0 at I,

non-trivial kernel Hpe = {HeL? : rot H=0, diveH =0, v x H|r, =0, v-eH|r, = 0}
additional condition on Dirichlet/Neumann fields for uniqueness

mpE = KeHp,e
vr rot divp
Otk = 12 2 12 =2 12 2" 12 2 Ror{0}
™ —divr, & el rotr, -Vr, L

A Ao Ay Ay A

2 H; =2 Hy 2 Hi 2 Hy 2 H3; 2 Hys =

A% AL AT A A

find EeRr, () nelDr, () st (fos) find  xeD(A1)nD(A;) st

rotr, E=F Aix="f
—divr,cE=g translation Agx=g
ﬂ'D/NE:K 7TN1X:k

Dirk Pauly
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Applications: FOS & SOS (First and Second Order Systems)

classical de Rham complex in 3D (V-rot-div-complex)

Ccp, = Crp (Friedrichs/Poincaré constant) and ca, = cm (Maxwell constant)

Lemma/Theorem | ’ D(A1) N D(AZ)<»L2(Q) compact‘

(i) all Friedrichs-Poincaré type est hold

VoeD(Ao) elh, < caplogl, < YoeHf el < cplVili2

VoeD(Ag) |olh; < caglAgdlh, <=

VoeD(A) |plu, <calAidln, <= Y®eRr,nelrotRr, |¢|L§ < Gof rot @[ 2
<~

Ve D(AT)  |ln, < ca [ATYlH,

Vo eeDr, N VH}t |<D|L§ < cpp| dived| 2

VW eRr, nrotRr, W2 < cafrot W[ 2

(ii) all ranges R(Ao) = VHE,, R(A1)=rotRr,, R(A;)=divDr, areclinL?

(i) the inverse ops (Vr,)™!, (divr,e)~, (rotr,)~t, (e~1rotr,) ! are cont, even cpt

(iv) all Helmholtz decomposition hold, e.g.,
Hi=R(Ao)) @ Ny ® R(A}) <« L2=VHf, &2 Ho.e @2 e rotRr,

(v) solution theory

(vi) ...

Dirk Pauly Hilbert Complexes and Compact Embeddings Universitat Duisburg-Essen
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Applications: FOS & SOS (First and Second Order Systems)

classical de Rham complex in 3D (V-rot-div-complex)

find E € Rr, ne71Dr, s.t. / think of x € D(A1) n D(A})
rotr, E=F Aix=f
divr,cE=g / think of Ajx=g
THy E =K T X = k

sol is simply x:i=xf+xg+keD(A1) ® D(Aj) @ K1 = D(A1) n D(A})

ie., E=EFr+E; +K, where

Ef := (rotr,) " F |e D(rotr,) = Rr, e rotRr, = Rr, ne™'Dr, o NH3 _,
Eg := (divr,e) g |€ D(divr,e) = 'Dr, N VH{, =& 'Dr, N Rr, 0 nHp

Dirk Pauly Hilbert Complexes and Compact Embeddings Universitat Duisburg-Essen
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APPENDIX: Friedrichs/Poincaré/Maxwell constants

Solving PDEs with Hilbert Complexes

APPENDIX: Friedrichs/Poincaré/Maxwell constants (numerics)

joint work with Jan Valdman
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APPENDIX: Friedrichs/Poincaré/Maxwell constants

Friedrichs/Poincaré/Maxwell constants

assumption: € = =1 and ‘ M=r,ie., Cip = Ct ‘or h="r, e, Cp =6

Lemma (Maxwell-Poincaré constants)

Q convex and bounded = <6<

Mild Conjecture (Maxwell-Poincaré constants)

diamg
T

Theorem (FA-ToolBox / Friedrichs-Poincaré type estimates and constants)

VoeD(Ao) lolh < caglPopl, <= VpeHf lelez < el Vel 2

VoeD(AY)  [dlh, < caglA§dli, Ve eDNVHE  [®]2 < ce|dive] 2
VoeD(AL) Bl < calAidln, Vo eRrnrotR [®]2 < cu|rot d| 2
Vipe D(AT)  [ln, < cay[ATIH,
Vi e D(A2)  [Yln, < cp,lA2tlh,
VEeD(A3)  [€lns < carlA3Eln,

Q convex and bounded = ct<am<g<

VYWeRNrotRr V|2 < Gfrot V>

VWeDrnVH! W2 <cldivV].

U A

V(¢eH NR: €]z < V¢ 2

Dirk Pauly Hilbert Complexes and Compact Embeddings Universitat Duisburg-Essen
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Friedrichs/Poincaré/Maxwell constants

surprise | numerical tests show even for ‘ non-convex domains ‘ and ‘ mixed bc

e.g., Fichera corner domain

Conjecture (Maxwell-Poincaré constants)

cs < min{crp, Gpf } < cn < Max{cpp, Cpf } < SUPF, i Crp} < 00

Theorem (FA-ToolBox / Friedrichs-Poincaré type estimates and constants)

VoeD(A) |elhg < caglPoplh, < VpeHr, lely2 < cpl Vool 2
VoeD(Ay) |9lH, < calAddlH,
VoeD(AL) [@ln, <calA1dlm,
Vipe D(AT)  [¥ln, < ca[ATYlH,
Vipe D(A2)  [hln, < cay|A2tln,
VEeD(AS)  [€ln; < canlASElH,

V®eDr, nVHE, [®]2 < cpp|divd| 2
V®eRr, nrotRr, |2 < G| rot d| 2
YWeRr nrotRr, |V] 2 < crotW¥| >
YWeDr, nVHE W2 < cpf| div W2

V(e H%n |C||_2 < Cpf|v<|L2

A A

Dirk Pauly Hilbert Complexes and Compact Embeddings Universitat Duisburg-Essen
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APPENDIX: Friedrichs/Poincaré/Maxwell constants

Friedrichs/Poincaré/Maxwell constants

7

3D Fichera corner 2D L-shape

e < min{cry, Gpf } < G < max{crp, G} < SUPF,2p{Crp} < 00

18
18 o 0 G (Poincare) o o Cnx‘"’ )
0y (Divergence tangentia) 6 O G, (Divergence tangential)
16 ©, (Maswol tangentil) ©,.; (Maxwelangenta)
+ Cyp (Mawol nomal) 14 G, (Maxwell normal)
Ul . ° & + O
& ©, (vergenco norma) &, (Oivergence normal) o
B v . A i
2 o o 2, o°.
5 o 5
z ! oo @ )
° 8os
08 ®
06
06
4
04 o
02 02
0
0 20 40 60 8 100 120 140 160 180 200 o 50 100 1 200
number of Neumann faces number of Neumann faces
3D unit cube 3D Fichera corner domain
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APPENDIX: More Complexes

Solving PDEs with Hilbert Complexes

APPENDIX: More Complexes
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APPENDIX: More Complexes

elasticity complex in 3D (sym V-Rot Rotg-Divs-complex)

Q c R? bounded strong Lipschitz domain

Divg

- o T
“{o} symvV Rot Rotg TRM

{0y = L "= 13 2 L2 = L2 =2 RM
{0} - Divg Rot Rot{ —symV LRM

Dirk Pauly i and Compact Embeddin, Universitat Duisburg-Essen
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APPENDIX: More Complexes

elasticity complex in 3D (sym V-Rot Rotg-Divs-complex)

Q c R3 bounded strong Lipschitz domain

t{o} symV RotnRot-Sr Divg TRM
o) =2 L "2 L =2 1§ =_ > =2 RM
{0} —Divg Rot Rot{ —symV LRM
related fos (RotERotg, Rot Rot-Sr first order operators!)
symVv=M inQ | RotwRot-ng:F inQ | DivgN=g inQ | v =r in Q
v=0 inQ | -DivgM=f inQ | RotRoth:G inQ | -symVYv=M inQ
related sos (Rot Rotg RotﬁRotg second order operator!)
~DivgsymVv=f inQ | RotRotfRotRotiM=G inQ | -symVDigN=M inQ
av=0 inQ | —DivgM=f inQ | RotRoty N=G  inQ
corresponding compact embeddings:
D(symV)nD(xw) =D(V) = At o2 (Rellich’s selection theorem and Korn ineq.)
D(RotcRot;:) N D(Divg) — Lé (new selection theorem)
D(Divg) n D(Rot Rot;) - Li (new selection theorem)

D(mw)nD(symV) =D(V) = HY o 12 (Rellich’s selection theorem and Korn ineq.)

two new selection theorems for strong Lip. dom.: Py/Schomburg/Zulehner ('18)
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APPENDIX: More Complexes

elasticity complex in 3D (sym V-Rot Rotg-Divs-complex)

Lemma/Theorem | ’ D(A1) n D(AY)=»H1, D(Ag)n D(Af)=»H, cpt
(i) all Friedrichs-Poincaré type est hold

est for Ay < Ve D(symV)n R(Divg) = H? lel2 < colsym V| 2
est for A << V& e D(Divg) nR(symV) |#],2 < co| Div 2

est for 41 <« Voe D(RotnRot;) N R(RotRot{ ) |®|,2 < c1| Rot Rot™ @2
est for A < V®eD(RotRot{)n R(Rot Rotg) |#|,2 < c1| Rot Rot™ @2
estfor Ay < V®eD(Divg)n R(symV) |®|,2 < 2| Div |2

est for A3 < VeD(symV)nR(Divs) = H nRM! |p|2 < o] sym V|2

(i) all ranges R(An) = R(An), R(AX)=R(AX) areclinl?
(iii) all inverse ops A1, (A%)~! are cont, even cpt
(iv) all Helmholtz decomposition hold, e.g.,

Hi = R(A))® N1 @ R(A}) <« L?=R(symV) @2 Hps® 2 R(RotRot])

(v) solution theories

(vi) variational formulations

(vii) functional a posteriori error estimates
(viii) div-curl-lemmas

(ix) ...
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APPENDIX: More Complexes

biharmonic / general relativity complex in 3D (VV-Rotgs-Divr-complex)

Q c R3 bounded strong Lipschitz domain

oy vV Rotg Divy TRT
{0y =2 L2 = L2 pes 2 = L2 =2 RT
{0} div Divg sym Rotp —devV LRT
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APPENDIX: More Complexes

biharmonic / general relativity complex in 3D (VV-Rotgs-Divr-complex)

Q c R? bounded strong Lipschitz domain

. o
{0} v Divy TRT
oy = L2 = 12 pes 2 = L2 =2 RT
{0} div Divg sym Rotp —devV LRT
related fos (VHV, div Divg first order operators!)
VVu=M inQ | RotsM=F inQ | DiviN=g inQ | mv=r inQ
wu=0 inQ | divDigM=f inQ | symRotyN=G inQ | —dewVv=T inQ
related sos (div Divg V'V = A2 second order operator!)
divDivg VVu=A%u=f inQ | symRotpRotgM=G inQ | —devVDivpN=T inQ
wu=0 inQ | divDivg M = f inQ | symRoty N=G  inQ

corresponding compact embeddings:
D(VV) n D(x) = D(VV) = F* - L
D(Rotg) N D(div Divg) — L2
D(Divr) N D(sym Roty) — lel‘
D(7) N D(dev V) = D(dev V) = D(V) = H o L2

(Rellich’s selection theorem)
(new selection theorem)
(new selection theorem)
(

Rellich’s selection theorem and Korn type ineq.)

two new selection theorems for strong Lip. dom. and Korn Type ineq.: Py/Zulehner ('16)
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APPENDIX: More Complexes

biharmonic / general relativity complex in 3D (VV-Rotgs-Divr-complex)

Lemma/Theorem | [D(A;)nD(A:)=»H1, D(Az)n D(A})=»Hy cpt‘

(i) all Friedrichs-Poincaré type est hold

est for 49 < Ve D(VV)n R(divDivg) = H? lolL2 < co|VVY|2

est for A5 < Ve D(divDivs) N R(VV) |®].2 < co|divDiv ®| 2
est for A7 < V& e D(Rotg) n R(sym Rotr) |®]2 < ci1|Rot ®| 2

est for A < V& e D(symRotr) n R(Rots) |®]2 < c1|symRot @] 2
est for Ay < Ve D(Divy)nR(devV) |®].2 < 2| Div | 2

est for A < VYypeD(devV)nR(Divy) = H nRT |2 < e dev V)2

(i) all ranges R(An) =R(An), R(A})=R(A}) areclinl?
(iii) all inverse ops A1, (A%)7! are cont, even cpt
(iv) all Helmholtz decomposition hold, e.g.,

Hy = R(Ao)@NlﬂBR(A’{) < L2 =R(VQV) @Lé HD,S @Lé R(sym ROtT)7
Ha = R(A1) @ Na ® R(A}) < L2 = R(Rotg) ®12 Hn,r @2 R(devV)

(v)-(ix) solution theories, variational formulations, functional a posteriori error estimates,
div-curl-lemmas, ...

Dirk Pauly Hilbert Complexes and Compact Embeddings Universitat Duisburg-Essen



1Sem23 23rd Internet Seminar " Evolutionary Equations”, Zoom, (almost) Wuppertal, June 24, 2020
{ Jele]e]

APPENDIX: Literature

Solving PDEs with Hilbert Complexes

APPENDIX: Literature
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literature (FA-ToolBox, complexes, a posteriori error estimates, ...

some results of this talk:

o Py: Solution Theory, Variational Formulations, and Functional a Posteriori Error
Estimates for General First Order Systems with Applications to
Electro-Magneto-Statics and More,

(NFAO) Numerical Functional Analysis and Optimization, 2020
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literature (complexes, Friedrichs type constants, Maxwell constants)

results of this talk:

o Py: On Constants in Maxwell Inequalities for Bounded and Convex Domains,
Zapiski POMI/ (JMS)Journal of Mathematical Sciences (Springer New York),
2015

o Py: On Maxwell’s and Poincare’s Constants,
(DCDS) Discrete and Continuous Dynamical Systems - Series S, 2015

o Py: On the Maxwell Constants in 3D,
(M2AS) Mathematical Methods in the Applied Sciences, 2017

o Py: On the Maxwell and Friedrichs/Poincaré Constants in ND,
(MZ) Mathematische Zeitschrift, 2019

o Py: ...some (so far) unpublished results
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literature (complexes, Friedrichs type constants, compact embeddings)

o Weck, N.: Maxwell's boundary value problems on Riemannian manifolds with

nonsmooth boundaries,
(JMAZ2) Journal of Mathematical Analysis and Applications, 1974 (1972)

o Picard, R.: An elementary proof for a compact imbedding result in generalized
electromagnetic theory,
(MZ) Mathematische Zeitschrift, 1984

@ Witsch, K.-J.: A remark on a compactness result in electromagnetic theory,
(M2AS) Mathematical Methods in the Applied Sciences, 1993

results of this talk:

@ Bauer, S., Py, Schomburg, M.: The Maxwell Compactness Property in Bounded
Weak Lipschitz Domains with Mixed Boundary Conditions,
(SIMA) SIAM Journal on Mathematical Analysis, 2016

o Py, Zulehner, W.: The divDiv-Complex and Applications to Biharmonic
Equations,
(AA) Applicable Analysis, 2020

o Py, Zulehner, W.: The Elasticity Complex,
submitted, 2020
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COMMERCIALS

... the world is full of complexes ... ;-)

= relaxing at (and you're all invited!)

AANMPDE;s13 2020

13th Workshop on Analysis and Advanced
Numerical Methods for Partial Differential INVITED
Equations (not only) for Junior Scientists KEY NOTE SPEAKERS:

https://www.uni-due.de/maxwell/aanmpde13/ Joachim Schéberl (Wien)
Carsten Trunk (llmenau)
September 28 - October 2 2020 Ragnar Winther (Oslo)
Pitsidia, Crete, Greece

ORGANIZERS: Johannes Kraus, Dirk Pauly, Sergey Repin, Marcus Waurick

conference site

¢
i
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