P He hish - Frees Hefuhelh egn

Numen ¢ anels )iy o
W cajc walb lv\ aN,l(J amis/()

Euan Jpence CRAH\, WC)

C’M& oC H\UL ] [cc[wcj! f”w}m‘l l\o.\, (K[a!\w@ ""“PU f‘“’/ )Co,«.\
(me(.t_[a![(‘(ci) owwb)n) con e wued b aw i’”‘(’”!’f‘ﬁ"f‘ QG‘(IL‘O'V %
He Wuinth c m«ﬁu) of He Hc[b«ic i egh

A simple proof that the hp-FEM does not suffer from the
pollution effect for the constant-coefficient full-space
Helmholtz equation

E. A. Spence*
February 17, 2022



Contents lists available at ScienceDirect

Computers and Mathematics with Applications

www.elsevier.com/locate/camwa

Wavenumber-explicit convergence of the hp-FEM for the full-space
heterogeneous Helmholtz equation with smooth coefficients

D. Lafontaine?, E.A. Spence®*, J. Wunsch®

* Department of Mathematical Sciences, University of Bath, Bath, BA2 7AY, UK
® Department of Mathematics, Northwestern University, 2033 Sheridan Road, Evanston IL 60208-2730, USA

i

Decompositions of high-frequency Helmholtz solutions via
functional calculus, and application to the finite element
method

J. Galkowski*, D. Lafontaine!, E. A. Spencef, J. Wunsch$
May 3, 2022

The hp-FEM applied to the Helmholtz equation with PML
truncation does not suffer from the pollution effect

J. Galkowski* D. Lafontaine!, E. A. Spencet, J. Wunsch®

——
f Juxls, 2022 \




TC)(l(lb

— poded Halihol pobler,

— He Nk ko,
— Wi lmtkgwwul K/u[b



Mc’dd Hﬁ[hLo”’t Prv“(vu.
v £e Lo (R £ ue M (Y 56

[LA U+ u= -\C
hlé\" ‘ (—|/) g =[x wnil. ul_)(/

r e
S ETVINES O! (H, - «Cb ul): C (F"( 6(7)
R el r
RV AT = B Telr-<t
o i Lk L u("H:@w /()
T (k] = wie F[m{—l llwq)\) -t -ﬁ

w k=27



\arishonot T bz £ yoded Helmbolle problen,
Wk B0 JE gl By, Ad Teh(B) £ w(0v) = FlY) Wvehls)

i a(a,v)::f@*w.w 67 |- K10 8,V
e

vl | L7
i e,Lv e 5 11 ()
ot e M&Wk\ B) o nls o ~
o Bl AT
=9 * )6
DEN ¢ 2= v

s HEG) — 1 (16



T\'\Q G'Fvl?fbk VNM\oJ

’S\r k. of L. mlu,aa((, ol- M‘U?;L) JL. .VVGH,(.&)
{/HN yeo qL Ii:v(mlhﬂ ” V—Vf’/)“l(i')
£l UyeHp 56 olupvp)= Flv) VreeMy M7 et .

We‘u Cm/(‘ﬂb/‘ /H[\/ CGV\/U;\\V\] a[ P(CC(M V”[)y\m/'p{j

hNFEM: k=30 & Now | FKW/ Pl humbe o£ dof
hp FEM: h—0 od pate a y-w

god . o eyl T Can 0 NeeM - YNSN,

| th -V ||yt “VHH'“(W ,
¢ “ i “ (6. { o xueﬂw ol (B i\—élml'}'))*v//u




The y e Hon - for ek h=hlk] ’P:f’([“/dw gusr ophielly hold

WH« Cﬁ ~I o) L—‘/\)O

Cﬂw_\ ‘RA\ALLM Wu“% wht {\\r“ﬁ b Ok~ I’LJ ob ok o ( )
"o

V\‘G}(V\ G.t\rfuy Gy l'L""VO (} L\H—’,PCw‘

BUT hFEM Wk p=

M ‘2 S E q (ﬁ l\/mu& ~ ) htapn - L/lHtLu)

aed e e G |

D hed e t[(u — #‘“ '“(JZ j»h

b”ubou el



Quasi-optimality of h-FEM for p =1
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Finite element solution of the Helmholtz equation with high wave number Part I:
The h-version of the FEM

F Ihlenburg, | Babuska - Computers & Mathematics with Applications, 1995 - Elsevier

The paper addresses the properties of finite element solutions for the Helmholtz equation.

The h-version of the finite element method with piecewise linear approximation is applied to a ...
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Finite element solution of the Helmholtz equation with high wave number part II:
the hp version of the FEM
F Ihlenburg, | Babuska - SIAM Journal on Numerical Analysis, 1927 - SIAM

In this paper, which is part Il in a series of two, the investigation of the Galerkin finite element
solution to the Helmholtz equation is continued. While part | contained results on the h ...
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Wavenumber explicit convergence analysis for Galerkin discretizations of the
Helmholtz equation
JM Melenk, S Sauter - SIAM Journal on Numerical Analysis, 2011 - SIAM

We develop a stability and convergence theory for a class of highly indefinite elliptic boundary
value problems (bvps) by considering the Helmholtz equation at high wavenumber k as ...
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Convergence analysis for finite element discretizations of the Helmholtz equation
with Dirichlet-to-Neumann boundary conditions
J Melenk, S Sauter - Mathematics of Computation, 2010 - ams.org

A rigorous convergence theory for Galerkin methods for a model Helmholtz problem in ${\mathbb
{R}Md} $, $ d\in\{1, 2, 3\} $ is presented. General conditions on the approximation ...
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