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Riemannian manifold (M, g)
Levi-Civita connection V

° Riemann curvature tensor:
R(X,Y) = VxVy - VyVx - Vix.y]
R(X,Y,Z,W)=g(R(X,Y)Z,W)
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Riemannian manifold (M, g)

Levi-Civita connection V

° Riemann curvature tensor:
R(X,Y) = VxVy — VyVx — Vixy]
R(X,Y,Z, W) = g(R(X, Y)Z, W)
Riji = Ol jia — 0T ikt + 5 Tjpr rfkrip/

e Christoffel symbols: vajak = FJ/-k(?/

1
r(e) = &' (Gigi + Ojeu — Oiey) = €T

e Connection 1-form: w(X) = g(E1,VxEx) = —g(VxEi, E)
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Gauss curvature:

K(g) = g(R(u,v)v,u) R
[ullgllvllg — g(u,v)?  detg

d'w = \/detg K(g) dx' A dx?
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Gauss curvature:

K(g) = g(R(u,v)v,u) R

lullglivlig — g(u.v)? — detg

d'w = \/detg K(g) dx' A dx?

Geodesic curvature: -
5

~ . v/det N
k(g) = g(Vit, ) = ng (D¢t -n+T1)

8t
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Gauss—Bonnet
On manifold M:

_4M = 2
/M K(g) + /8 )+ (= <(e) = 2

XM(?):nV—nE—i-nT

W —)

XM =2 xm =0 xm =1 6
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Gauss—Bonnet

On triangle T:

3
/T Kg) + /a o)+ Y = <) =2

XT:3—3+1:1
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Lifted distributional Gauss curvature

For g € Regf(7) find Ku(g) € Vi s.t. for all p € VKT

[ K@e= Y (Koo + X Klwe) + X Kvlpe)

TeT Ecér vey

[} BERCHENKO-KOGAN, GAWLIK: Finite element
approximation of the Levi-Civita connection and its curvature
in two dimensions, arXiv:2111.02512 (2021).
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Lifted distributional Gauss curvature

For g € Regf(7) find Ku(g) € Vi s.t. for all p € VKT

[ K@e= Y (Koo + X Klwe) + X Kvlpe)

TeT Ecér vey

T _
K (so,g)—/TK(g)so

T = K
Ke (p,8) = /E (g)p T gt )

T — arccos | —mmm
Kipg)=(r— 3 <(@)p(v) V&= (Htlllglltzllg
T:VvCcT 7
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Lifted distributional Gauss curvature

For g € Regf(7) find Ku(g) € Vi s.t. for all p € VFT!

[ #i@e= Y (Ko + X Kee)+ X Kvlpe)

TeT Ecér vey

Lxh(g)¢¢m7gda: > (/TK(g)W@da

TeT

Vdetg
/8 (Oct-n+TH)pd +§ Kv(p; g)
,

8tt > Ver
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@ REGGE: General relativity without coordinates, Il Nuovo Cimento
(1955-1965), 19 (1961).
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=0l

e metric tensor

@ REGGE: General relativity without coordinates, Il Nuovo Cimento
(1955-1965), 19 (1961).

@ SORKIN: Time-evolution problem in Regge calculus, Phys. Rev. D
12 (1975). 8
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=0l

e metric tensor

@ REGGE: General relativity without coordinates, Il Nuovo Cimento
(1955-1965), 19 (1961).

@ CHEEGER, MULLER, SCHRADER: On the curvature of piecewise
flat spaces, Communications in Mathematical Physics, 92(3) (1984).
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e metric tensor (tangential-tangential continuous)

Regﬁ ={ee€ Pk(y RdXd) | [[tTe t]e = 0 for all edges E}

sym

H(curlcurl) = {e € L2(Q,RIX) | curl" curl(e) € H7H(Q, RGI=3)x(d=3)yy

sym

@ CHRISTIANSEN: On the linearization of Regge calculus, Numerische
Mathematik 119, 4 (2011).
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e metric tensor (tangential-tangential continuous)

Regf = {e € PX(7, ngxn‘lj) |[t"et]e = 0 for all edges E}
H(curlcurl) = {e € L2(Q,RIX) | curl" curl(e) € H7H(Q, RGI=3)x(d=3)yy

sym

@ CHRISTIANSEN: On the linearization of Regge calculus, Numerische
Mathematik 119, 4 (2011).

@ L1: Regge Finite Elements with Applications in Solid Mechanics and
Relativity, PhD thesis, University of Minnesota (2018). 8
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e metric tensor (tangential-tangential continuous)

Regf = {e € PX(7, ngxn‘lj) |[t"et]e = 0 for all edges E}
H(curlcurl) = {e € L2(Q,RIX) | curl" curl(e) € H7H(Q, RGI=3)x(d=3)yy

sym

@ CHRISTIANSEN: On the linearization of Regge calculus, Numerische
Mathematik 119, 4 (2011).

@ N.: Mixed Finite Element Methods for Nonlinear Continuum
Mechanics and Shells, PhD thesis, TU Wien (2021). 8
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IKn(gn) — K(g)ll < h°

Convergence
Let gy € Regﬁ by the Regge interpolant of a smooth g. Then for

sufficiently small h

1Kn(gh) — K(g)lln-1 < Ch¥||g]| s

[§ BERCHENKO-KOGAN, GAWLIK: Finite element
approximation of the Levi-Civita connection and its curvature
in two dimensions, arXiv:2111.02512 (2021).
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Convergence
Let gy € Reg?, by the Regge interpolant of a smooth g. Then for

sufficiently small h

1Kn(gn) — K (&)1 < Ch°llgll:

[§ BERCHENKO-KOGAN, GAWLIK: Finite element
approximation of the Levi-Civita connection and its curvature
in two dimensions, arXiv:2111.02512 (2021).
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[ Ky = 3 (KT (wne)+ 3 KL (0r.8))+ 3 Kuleneg)

TeT Ecér vey

e Consistency: For g € C?(M,S), u, € ]},’7‘“ there holds
[ Kn(g) un = [, K(g)un

1t )
/7 Kn(gn)un = 2/0 (dive,(t)dive,(5)S6,(1)(Th), Un)y( o) dt

13
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Integral representation (Gauss curvature) m ey

/y Kn(g)un = Z ( (un, g Z KL (up, g ))_1-2 Ky (up, g)

TeT Ecér vey

. ConS|stency For g € C3(M,S),up € VkH there holds
f? Kn(g) un = fg g)Un

1t )
/7 Kn(gn)un = 2/0 (dive,(t)dive,(5)S6,(1)(Th), Un)y( o) dt

Representation with covariant incompatibility operator

1/t
| Kalenun = =3 [ (inc,o(on). unhp(r
T 0

13
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Find xwp(gh) € N such that for all v, € N

I
/? *xwh(gh)Vh = _2/0 <d1VGh(f)5Gh(f)Uh’ Vh>~/\7// dt

14
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Wg:{veCOO(97R2)|Hg(V,ng)]]E:0}, W =Ws, QgW:Wg

14
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Find xwp(gh) € N such that for all v, € N

I
/? *xwh(gh)Vh = _2/0 <d1VGh(f)5Gh(f)Uh’ Vh>~/\7// dt

o o o 1 o o
Wy ={ve C(T,R?)|[g(v,ng)]e =0}, W =Ws, \/MW =W,

Find wp(gn) € W,’; such that for all v, € W,’f

1 1
[ e Qe == [ {ewlao(on). Qevirag,, o

(®)

14
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Find xwp(gh) € N such that for all v, € N
I
/7 *xwh(gh)vh = —5 /0 (dive,(6)Sey(t)Ths Vh) Xy, dt

o o o 1 o o
Wy ={ve C(T,R?)|[g(v,ng)]e =0}, W =Ws, \/MW =W,

Find wp(gn) € W,’; such that for all v, € W,’f

1 1
. wh(gh)ngh = —2/0 <Cur1Gh(t)(O'h), ngh>WGh(t) dt

1 1
S wh(gh) Qg rot up = —5 /0 (curlg,(s)(on), Qg rot uh>WGh(t) dt

1 1
=3 [ tnciton. wurdt = [ Koo,
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e Goal
|(Kn(gn) — K(g), u)g| <C(llg — gnllr= + hllg = &l
+ thg]lyikH IK(g) = vall2) llull 2

1Kn(gh) — K(&)ll-1 <Ch |l rsoc

15



TECHNISCHE
Strategy of proof m UNVERSITAT

e Goal
|(Kn(gn) — K(g), u)g| <C(llg — gnllr= + hllg = &l
+ thg]lyikH IK(g) = vall2) llull 2

IKn(gh) — K(&)ll-1 <CH gl prro
o u€ HY(Q), up = Phgue Vit gy =REg
yu)g = (Kn(gn) — K(g),u— un+ un)g =
u—up)g + (Kn(gn) — K(8), un)g—grten =
(Kn(gn), un)g, — (K(&). un)g + (Kn(gn) — K(g), u— un)g
+ (Kn(gn), un)g — (Kn(gh), un)g,

15
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G(t)=6+t(g—0), o=g—0

(K. un)s = (Kilen). ), = 5 [ (e, (n). g ) = (inco (). s 5

1t . .
= 5/0 (incg,(on), uh>f;(9') — (incg(on), Uh>f)(t<7) + (incg(op — o), ”h>fi(9) dt

16
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G(t)=6+t(g—0), o=g—0

(K. un)s = (Kilen). ), = 5 [ (e, (n). g ) = (inco (). s 5

1t . .
- 5/o (ince,(on), tn)p(7y = (inc(oh), un)y7) + {ince(on — ), un)y( 7y dt
(incg (o), Uh>fj(y) = (curlg (o), Qg rot “h>Wg

[{curlg, (o), Qa,Va)yiy,, — (curle(an), Qeva)yy| <
C(IG = Ghll= + hlIG = Ghllyr.o< )l vall 2

[(curlg (o = 0n), Qe vhyi | < Clllo = anlli= + hllo = onllyr.e )l vall 2
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(d*oz)(X,Y) = (Vxo)(Z,Y) - (Vyo)(Z,X)
(curlg 0)(Z) = x(dloz), o€ 752(T), ZeX(T)

For g, o € Regﬁ and p € W}j normal continuous the
distributional covariant curl is

_ (curlg o) () g(w, ng)a(ng, tg)
fewrlg o, Qg@ i /7 detg a /ag Vdetg

- Z / Curla,tp +UU€ rk/@ d / 8ttOnt — BntOtt
X — ——F————¥n ds.
det oT Vdetggu

TeT

17
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(d*oz)(X,Y) = (Vxo)(Z,Y) - (Vyo)(Z,X)
(curlg 0)(Z) = x(dloz), o€ 752(T), ZeX(T)

For g, o € Regﬁ and p € W}j normal continuous the
distributional covariant curl is

7 (Curl J)(Sﬁ) g(go, ng)a(ng7 tg)
fewrlg o, Qg@ ( /7 detg a /aq Vdetg

Z / Umk I'Ot gomk _Ekj(r rjl@ )) dX—|—/ O’tl’gftsﬁi dS
Vdetg or Vdetggr

TeT

e Standard distributional curl

(curls o, ¢) s, Z / curlo - goda—/ Ontipn dl
oT

TeT
e Smooth g and o leads to classical covariant curl 17
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/(g — Rfg)w qdl =0 for all g € PX(E)
E

/ (g — Rfg): gda=0 for all g € PX1(T,R?*?)
-
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Orthogonality properties of Regge interpolant m UNIVERSITAT

/(g — Rfg)w qdl =0 for all g € PX(E)

E

/ (g — Rfg): gda=0 for all g € PX1(T,R?*?)
-

(Tin(g — REg), TI¥) = 0 for all ¥, € PH(T,R¥2*2)

. . : 1
<F,-jk(g),2”k> = Z (/TI'Uk(g)Z’Jk da — /{9Tznnl(gntti + Egnnni) dl>

TeT

N B



TECHNISCHE
Error analysis: Covariant distributional curl (1) m UNIVERSITAT

Lemma

For k € No, o5, = Rk, o € HY(Q,S) N C%(Q,S), vy € WE, and
g € WH(Q,St) with g7 € L>°(Q,ST) there holds

(curlg(o — on), Qgvhlyy, < C(llo — anlliz + hlo — anlp) lvalli2()-

‘/E(a—ah)tt vhd/‘zo

19
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< C  (llo=anllzry + hllo = anllgyrlivall 2(r
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Error analysis: Covariant distributional curl (1) m T AT

Lemma

For k € No, o5, = Rk, o € HY(Q,S) N C%(Q,S), vy € WE, and
g € WH(Q,St) with g7 € L>°(Q,ST) there holds

(curlg(o — on), Qgvhlyy, < C(llo — anlliz + hlo — anlp) lvalli2()-

| /E (7~ ow)ee (Mo + (i~ 1)) (F(g))vi o
< C  (llo = anllzry + hllo = anllmrllvall iz
‘/(o’—()’h) . (f(g)rot vp) da‘
.

< Ch H(llo = anllizcry + bllo = aullmr)lvalliery 1
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Lemma

Let k € No, o, € Regf, gn = Rg, g € WH®(Q,ST) with
gt € L*(Q,S1), and v, € WE. Then for sufficiently small h

8h

(curlg op, ngh>Wg — (curlg, oh, Qg,vh)yi, = (Tik(g — &), ZZ’}

+ O(C(llg — ghll o) + hllg — gh||Whl»w(g))HUhHHg(Q)||Vh||L2(Q))-

e Keeping volume and boundary terms together

(@) =) = Y /

, - 1
. Fik(g)Z9 da — / Y (gneti + Eg,,,,n,-) dl)
TeT

oT

20
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Lemma

Let k € No, o, € Regf, gn = Rg, g € WH®(Q,ST) with
gt € L*(Q,S1), and v, € WE. Then for sufficiently small h

(Tiw(g — £n),T7) = (Ti(g — &n), T1o)
+0(C(llg — gnlle=() + hllg — &nll (@) lonll ey llvallz@))-

e Keeping volume and boundary terms together
e Use orthogonality property for ZZ{O € PK(T,R?*2x2)
(Mi(g — REg), £I%) = 0 for all £, € PH(T,R2*2*?)
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Lemma

Let k € No, o, € Regf, gn = Rg, g € WH®(Q,ST) with
gt € L*(Q,S1), and v, € WE. Then for sufficiently small h

‘(curlg Oh, Qth>Wg — (curlg, op, Qg, Vh>Wg,,‘ =

Clllg — gnlli=) + hllg = gnll = @)llonll eyl vall 2@):

e Keeping volume and boundary terms together
e Use orthogonality property for Zg{o € PK(T,R?*2%2)

(Fik(g — REg), TI%) = 0 for all £, € PH(T,R>*?¥?)
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Why Christoffel symbol as remainder? uwhllngRsnn

e [m(g — gn) is of sub-optimal order

‘/ (curlop)ivi’ + op,je’ Fk/( Yvi! B (Curlgh)ivhi+0.h7’_j€ikrj,'(/(gh)vh/ dX’
Vdetg Vdetg,
O-hl6 r g _rJ 8h Vhl
<Cllg - g,,||Loo||gh||H1||v,,||L2+‘/ e ( kéd)eT%k,( ) dx‘

21
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Why Christoffel symbol as remainder? UNIVERSITAT

e [m(g — gn) is of sub-optimal order

/ (curlop)ivy' + o Us Fk,( W' (curlop)ivi’ + o ,-J-e"krj,'(,(gh)vh’
‘ N 7 dX’
detg V/det gp
op e (rjk/(g) - rjl;/(gh))Vh/
<C ~|lo Y —&—‘/ L dx‘
I ~ gnll= ol L
Oh,jjc' g'/;mrk/m(g—gh)vh/
< Cllg — ~|lo % —&—‘/ L dx‘
< Cllg — gnlle=llonll 1 [Ivall 2 ; Tetg,
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e [m(g — gn) is of sub-optimal order

‘/ (curlop)ivi’ + op,je’ Fk/( Yvi! B (Curlgh)ivhi+0.h7’_j€ikrj,'(/(gh)vh/ dX’
Vdetg Vdetg,
O-hl6 r g _rJ 8h Vhl
<Cllg - g,,||Loo||gh||H1||v,,||L2+‘/ e ( kéd)eT%k,( ) dx‘

< Cllg ~ gl lomly Ivalle + | | TPl — ) o]
T
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TECHNISCHE

Why Christoffel symbol as remainder? UNIVERSITAT

e [m(g — gn) is of sub-optimal order

‘/ CuI‘lO’h Vh +0’hu€ Fk,( )Vh/ B (curlah),-vh"+ah7,-je"krf,;,(gh)vh’ dX’
detg V/det gp

Oh u5 (rkl(g) - rjl;/(gh))Vh/
Vdet g

< Cllg ~ gl lomly Ivalle + | | TPl — ) o]
T

< Clle = gpll=lonllg Ivallo +| | o

[§ ARNOLD, WALKER: The Hellan-Herrmann—Johnson method
with curved elements, SIAM Journal on Numerical Analysis,

58(5) (2020).

21



. . . . . TECHNISCH_E
Covariant distributional inc UNIVERSITAT

For g, o € Regﬁ and u € f),’f“ continuous the distributional

covariant incompatibility operator

(incg o, u>f}(y) (curlg 0, Qg Tot 1)y, Z / incgou

TeT

—/ ug(curlg o — grad, o(ng, tg), Z lo(ng, tg)] L u(V)
or ver;
-

22



. . . . . TECHNISCH_E
Covariant distributional inc UNIVERSITAT

For g, o € Regﬁ and u € f),’f“ continuous the distributional
covariant incompatibility operator

(incg o, u>f}(9) (curlg 0, Qg Tot 1)y, Z / incgou

TeT

—/ ug(curlg o — grad, o(ng, tg), Z lo(ng, tg)] L u(V)
or ver;
-

e Standard distributional inc

(incs o, u)y Z / incou— / u(curlo — Vopt) - t v

TeT oT E E

-
— E [[O'nt]]vu( V) Vo E [[Vl]]T

Ve e

e Smooth g and o gives classical covariant inc 22



TECHNISCHE
Error analysis: Covariant distributional inc m UNIVERSITAT

Corollary
Let k € Ng, g € WL>°(Q,S*) with g1 € L>=(Q,ST),
o € HY(Q,S) N C%Q,S), o5 = REo, and up € V™. Then

[(incg(0 — o), un) ] < C(llo = onlliz + hllo = oallp) | Va2

Corollary

Let k € No, o, € Regf, gn = Rig, g € WH®(Q,ST) with
g 1€ L>(Q,S%), and , up € VL. Then for sufficiently small h

|(incg op, uh>f;(9) — (incg, o, Uh>f;(y)|

< C(llg — gnlle + hllg = gnll yroo)lonllm 1V unll 2.

23



. TECHNISCHE
Error analysns l‘;lr;llIEYqERSITAT

Theorem (Gopalakrishnan, N., Schoberl, Wardetzky)

Let k € Ng, g € WKFt120(Q) with K(g) € H*(Q2), and g, = Rg
the Regge interpolant. Then there holds for the lifted Gauss
curvature Ky(gn) € V¥ for sufficiently small h

1Kn(gh) — K(&)lln-1 < CH* " (llgllwrsroo + K (g)le)-

24



. TECHNISCHE
Error analysns L\;,Té\:‘ERSITAT

Theorem (Gopalakrishnan, N., Schoberl, Wardetzky)

Let k € Ng, g € WKFt120(Q) with K(g) € H*(Q2), and g, = Rg
the Regge interpolant. Then there holds for the lifted Gauss
curvature Kx(gp) € f),fﬂ for sufficiently small h

1Kn(gh) — K(&)lln-1 < CH* " (llgllwrsroo + K (g)le)-

Corollary
There holds for 0 < [ < k

1Kh(gn) — K(&)lliz < Ch(llgllwwrnoe + K (g)|ne),
|Kn(gn) — K(&)lry < CH'(llgllwrsnoe + K (g)]w)-

24
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TECHNISCHE
Error analysis m UNIVERSITAT

Theorem (Gopalakrishnan, N., Schoberl, Wardetzky)

Let k € Ng, g € WKFt120(Q) with K(g) € H*(Q2), and g, = Rg
the Regge interpolant. Then there holds for the lifted Gauss
curvature Kx(gp) € f),fﬂ for sufficiently small h

1Kn(gh) — K(&)lln-1 < CH* " (llgllwrsroo + K (g)le)-

Theorem (Gopalakrishnan, N., Schoberl, Wardetzky)

Let k € No, g € H*1(Q) with w(g) € HX(Q), and g, = Rfg
the Regge interpolant. Then there holds for the lifted connection
1-form wop,(gp) € WF for sufficiently small h

lwn(gn) — @(&)lliz < CH(llgll s + ()] r)-
24



Numerical example (Gauss curvature)

= | K = Ko 12
o || K = Kex|l—
1077 [ 1K — Kellu—

TECHNISCHE
UNIVERSITAT
WIEN

oh?) "

—— |K — Kexl| 12
o |K — Kl
——|[K = Kol

10710

o ||K = K12
o | K = Kl
— K~ Kellu—

10! 10? 10°
ndof

10! 10%
ndof

10°

10! 10° 10°
ndof

25



= ||=Bom — @exll12
o =T — Zexlli2

10t 10% 10° 10% 10°
ndof

k=1

error

1071
1072
1073
1074
10°°

10°°

1077

TECHNISCHE

Numerical example (connection 1-form) UNIVERSITAT

o= |wsom — @exli2
—— ||@rT — @exli2

10t 102 10% 10* 10°

ndof

k=2
26



Extension to 3D




. TECHNISCHE
Extension to 3D UWI}IIIE\:\]ERSITAT

e Riemann curvature tensor Rjjy has 6 independent entries

3x3
sym

e Curvature operator @ : M — R
(Qlunv),wAz)=(R(u,v)z,w) for all u,v,w,z € X(M)

Q¥ =

ikl _jmn XX Ryzyz z RXZX)’
eel Rklmm Q™ =— v =

Addetg detg’ ~ detg

Ricj = g¥ Ry = —(Q X cof(g));;

27



. TECHNISCHE
Extension to 3D UWI}IIIE\:\]ERSITAT

e Riemann curvature tensor Rjjy has 6 independent entries

3x3
sym

e Curvature operator @ : M — R
(Qlunv),wAz)=(R(u,v)z,w) for all u,v,w,z € X(M)

Q¥ =

ikl _jmn XX Ryzyz z RXZX)’
eel Rklmm Q™ =— v =

Addetg detg’ ~ detg

Ricj = g¥ Ry = —(Q X cof(g));;

e No Gauss—Bonnet theorem in 3D

27



TECHNISCH_E
Curvature operator NNERSITT

Lifted distributional curvature

For g € Regf(7) find Qu(g) € Reg)(7) s.t. Vv € Regj(7)

/th(g):v—Z KTvg ZKF(vg —I—ZKEvg)

TeT FeFr Ec&

28
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Curvature operator NNERSITT

Lifted distributional curvature

For g € Regf(7) find Qu(g) € Reg)(7) s.t. Vv € Regj(7)

/th(g):v—Z KTvg ZKF(vg —I—ZKEvg)

TeT FeFr Ec&

/Qh \/chx—Z /Qg) vy/det g dx
7 TeT
\/det

ol (2)m ®n)><rf.:vda> ZKEvg
o7

Ee&

cof(A)7 = det(A)A", (A x B)i =¢cMmna, B,
28



TECHNISCI_-{_E
Curvature operator NNERSITT

Lifted distributional curvature

For g € Regf(7) find Qu(g) € Reg)(7) s.t. Vv € Regj(7)

/th(g):v—Z KTvg ZKF(vg —I—ZKEvg)

TeT FeFr Ec&

/th \/chx—Z /Qg) vy/det g dx

TeT

Vdetg
< ®n)><rf.:vda> ZKEvg
Tcof
Ec&
2D : @r'gtvdl

oT  8tt 28



TECHNISCHE

Numerical examples (3D) UNIERSITT

1000 . E
100 F 4 E 1
101 E
S0t 18 ]
N 1072 ¢ S E
. F o) . E
1072 |-e= Q= Qo2 7 1070 e Q- Qulle
=119~ Qi |, ‘ = [1Q = Quxly-s ‘ 1
102 10° 10t 102 10° 104
ndof ndof
100 E T T 3
100 sl E
1071 4 10-1 7 7
L 1072F 1 w02f .
2 S E E
s ~ o 1073 <
o oy 1
104 E N 1
4 N B NN E|
1077 e 1@~ Quulliz 105|719 = Qusllez R
Q= Quxlly1 | ‘ - [|Q — Qexlly-: ‘ i
103 10* 10° 10° 10* 10°

ndof ndof 29
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UNIVERSITAT
Sum mary WIEN

e Improved error analysis (Gauss curvature, connection 1-form)

e Convergence rates sharp
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e Ongoing work: 3D analysis

30



TECHNISCHE
UNIVERSITAT
Sum mary WIEN

e Improved error analysis (Gauss curvature, connection 1-form)

e Convergence rates sharp

e Ongoing work: 3D analysis

[ GOPALAKRISHNAN, N., SCHOBERL, WARDETZKY: Analysis
of curvature approximations via covariant curl and
incompatibility for Regge metrics,

https://www.asc.tuwien.ac.at/ ~schoeberl /wiki/index.php/Michael_Neunteufel
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Sum mary WIEN

e Improved error analysis (Gauss curvature, connection 1-form)

e Convergence rates sharp

e Ongoing work: 3D analysis

Thank You for Your attention!

[ GOPALAKRISHNAN, N., SCHOBERL, WARDETZKY: Analysis
of curvature approximations via covariant curl and
incompatibility for Regge metrics,

https://www.asc.tuwien.ac.at/ ~schoeberl /wiki/index.php/Michael_Neunteufel
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