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Equations d’Euler linéarisées
<latexit sha1_base64="qHNzoS6CvVpHg/3WJw0fCjkBlr8="></latexit>8
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<latexit sha1_base64="HOp/V0KR9omTiHO45ZzsakxT22A="></latexit>

u · n = 0,
<latexit sha1_base64="lqnfrzERkqm023gnEbok2GepMKs="></latexit>

parois rigides
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2. Approche asymptotique : les 3 échelles
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(les autres échelles ont vocation à disparâıtre)
<latexit sha1_base64="PHEeCh/yRiXCEjs2sK+hiioLRX4="></latexit>

On cherche la condition limite qui remplace la condition de mur rigide
<latexit sha1_base64="unN1rJV0xvPnI9JcBTgd/sqS/8w="></latexit>

sans résonateur (col fermé)
<latexit sha1_base64="aVqVsjqJs+/8lWa4EbXK6d2nxvM="></latexit>

<latexit sha1_base64="p/4F0LM0adiDjFKgNi757XxXKV4="></latexit>

Echelle macro (échelle de la longueur d’onde)
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sans résonateur (col fermé)
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Elle est réduite à un segment (le col) terminé par deux points (singuliers ?)
<latexit sha1_base64="+iEMQaoAC4fyzmhrS41G1dxO0CY="></latexit>
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Echelle meso (zoom en 1/⌘ sur un résonateur)
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<latexit sha1_base64="PHEeCh/yRiXCEjs2sK+hiioLRX4="></latexit>

On cherche la condition limite qui remplace la condition de mur rigide
<latexit sha1_base64="unN1rJV0xvPnI9JcBTgd/sqS/8w="></latexit>
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3 problèmes d’écoulements potentiels
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entrée du col
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2. Approche asymptotique : les 3 échelles 

3. Problème effectif obtenu : de l’ordre 0 à l’ordre 2
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condition limite e↵ective
<latexit sha1_base64="7ZYTdfmcbqxf5TZoEOXBTzPph14="></latexit>

vitesse u1 en x1 = 0 ?
<latexit sha1_base64="jPyA/RuV1SFkHEYt21rFHXYHUD4="></latexit>

x1
<latexit sha1_base64="tf07c4w2HCB6FPZeSkK/G2Pguiw="></latexit>

<latexit sha1_base64="8EHybkaQ/OHmb36vFRnPfpum+AE="></latexit>

0

<latexit sha1_base64="PfhxO+ECtmZtGaWLH272fnn9aZw="></latexit>x2

<latexit sha1_base64="47mCLn16WlSgTO2VpB6a1pZuIbE="></latexit>x3

<latexit sha1_base64="l7N7RZnaS8LxzKM3FC7DGlI1ahQ="></latexit>

x0 = (x2, x3)
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u1(0,x
0, t) = 0

<latexit sha1_base64="yn3GJrjxI9n9E0Kxf2j3QqiXZ1o="></latexit>

A l’ordre 0
<latexit sha1_base64="/zmaQAWq97+nZkgdsfNISTzmL0I="></latexit>
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u1(0,x
0, t) = 0

<latexit sha1_base64="yn3GJrjxI9n9E0Kxf2j3QqiXZ1o="></latexit>

@2pc

@t2
+ !2

npc = !2
np(0,x

0, t), n = 1, 2
<latexit sha1_base64="L1T0MsGGZLCODMMaHnshBH8eACc="></latexit>

A l’ordre 0
<latexit sha1_base64="/zmaQAWq97+nZkgdsfNISTzmL0I="></latexit>

u1(0,x
0, t) = �↵

@pc

@t
(x0, t),

<latexit sha1_base64="F7BsEFR0qRXU33XV7IsLmaPevqM="></latexit>

condition de Robin qui couple u1 à pc
<latexit sha1_base64="GLkml41Tr6CPn3on2FM7LoXjfyA="></latexit>

pc solution de l’equation d’un résonateur (avec source p en x1 = 0)
<latexit sha1_base64="Ic9qYw/OYgPFii0A2/WDuRCOt6Y="></latexit>

↵ =
V

⇢c2h2
<latexit sha1_base64="+3KpDbIcI7y0VO80dQ8bAk1SHD0="></latexit>

<latexit sha1_base64="2Kdn5rYJxnwaY4e2l6ZXUjTUXsA="></latexit>

Aux ordres n=1 et 2

2. Approche asymptotique : les 3 échelles 

3. Problème effectif obtenu : de l’ordre 0 à l’ordre 2
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<latexit sha1_base64="48NeV/KXmvCJtW5kX2dUQT3SrcM="></latexit>

(ce qui est le cas en dehors de la résonance)

condition limite e↵ective
<latexit sha1_base64="7ZYTdfmcbqxf5TZoEOXBTzPph14="></latexit>

vitesse u1 en x1 = 0 ?
<latexit sha1_base64="jPyA/RuV1SFkHEYt21rFHXYHUD4="></latexit>

x1
<latexit sha1_base64="tf07c4w2HCB6FPZeSkK/G2Pguiw="></latexit>

<latexit sha1_base64="8EHybkaQ/OHmb36vFRnPfpum+AE="></latexit>

0

<latexit sha1_base64="PfhxO+ECtmZtGaWLH272fnn9aZw="></latexit>x2

<latexit sha1_base64="47mCLn16WlSgTO2VpB6a1pZuIbE="></latexit>x3

<latexit sha1_base64="l7N7RZnaS8LxzKM3FC7DGlI1ahQ="></latexit>

x0 = (x2, x3)
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u1(0,x
0, t) = 0

<latexit sha1_base64="yn3GJrjxI9n9E0Kxf2j3QqiXZ1o="></latexit>

@2pc

@t2
+ !2

npc = !2
np(0,x

0, t), n = 1, 2
<latexit sha1_base64="L1T0MsGGZLCODMMaHnshBH8eACc="></latexit>

A l’ordre 0
<latexit sha1_base64="/zmaQAWq97+nZkgdsfNISTzmL0I="></latexit>

u1(0,x
0, t) = �↵

@pc

@t
(x0, t),

<latexit sha1_base64="F7BsEFR0qRXU33XV7IsLmaPevqM="></latexit>

condition de Robin qui couple u1 à pc
<latexit sha1_base64="GLkml41Tr6CPn3on2FM7LoXjfyA="></latexit>

pc solution de l’equation d’un résonateur (avec source p en x1 = 0)
<latexit sha1_base64="Ic9qYw/OYgPFii0A2/WDuRCOt6Y="></latexit>

↵ =
V

⇢c2h2
<latexit sha1_base64="+3KpDbIcI7y0VO80dQ8bAk1SHD0="></latexit>

!n = c

r
A

dnV
,

<latexit sha1_base64="vbg6cgq47UBnq50BNnSs/u/Cpr0="></latexit>

d1 = d,
<latexit sha1_base64="uq5zoZtJg7k4Mt+ufI1+5XcZFCY="></latexit>

à l’ordre 1, une canette de soda ne résonne pas,
<latexit sha1_base64="00vpQ1cVjiw08Btr2JJzOHCaLTs="></latexit>

<latexit sha1_base64="2Kdn5rYJxnwaY4e2l6ZXUjTUXsA="></latexit>

Aux ordres n=1 et 2

2. Approche asymptotique : les 3 échelles 

3. Problème effectif obtenu : de l’ordre 0 à l’ordre 2

 6
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<latexit sha1_base64="48NeV/KXmvCJtW5kX2dUQT3SrcM="></latexit>

(ce qui est le cas en dehors de la résonance)

condition limite e↵ective
<latexit sha1_base64="7ZYTdfmcbqxf5TZoEOXBTzPph14="></latexit>

vitesse u1 en x1 = 0 ?
<latexit sha1_base64="jPyA/RuV1SFkHEYt21rFHXYHUD4="></latexit>

x1
<latexit sha1_base64="tf07c4w2HCB6FPZeSkK/G2Pguiw="></latexit>

<latexit sha1_base64="8EHybkaQ/OHmb36vFRnPfpum+AE="></latexit>

0

<latexit sha1_base64="PfhxO+ECtmZtGaWLH272fnn9aZw="></latexit>x2

<latexit sha1_base64="47mCLn16WlSgTO2VpB6a1pZuIbE="></latexit>x3

<latexit sha1_base64="l7N7RZnaS8LxzKM3FC7DGlI1ahQ="></latexit>

x0 = (x2, x3)
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u1(0,x
0, t) = 0

<latexit sha1_base64="yn3GJrjxI9n9E0Kxf2j3QqiXZ1o="></latexit>

@2pc

@t2
+ !2

npc = !2
np(0,x

0, t), n = 1, 2
<latexit sha1_base64="L1T0MsGGZLCODMMaHnshBH8eACc="></latexit>

A l’ordre 0
<latexit sha1_base64="/zmaQAWq97+nZkgdsfNISTzmL0I="></latexit>

u1(0,x
0, t) = �↵

@pc

@t
(x0, t),

<latexit sha1_base64="F7BsEFR0qRXU33XV7IsLmaPevqM="></latexit>

condition de Robin qui couple u1 à pc
<latexit sha1_base64="GLkml41Tr6CPn3on2FM7LoXjfyA="></latexit>

pc solution de l’equation d’un résonateur (avec source p en x1 = 0)
<latexit sha1_base64="Ic9qYw/OYgPFii0A2/WDuRCOt6Y="></latexit>

↵ =
V

⇢c2h2
<latexit sha1_base64="+3KpDbIcI7y0VO80dQ8bAk1SHD0="></latexit>

!n = c

r
A

dnV
,

<latexit sha1_base64="vbg6cgq47UBnq50BNnSs/u/Cpr0="></latexit>

d1 = d,
<latexit sha1_base64="uq5zoZtJg7k4Mt+ufI1+5XcZFCY="></latexit>

d2 = d+ daj,
<latexit sha1_base64="YV3HTHUEPzK1q7pKWIIi1YFNjrI="></latexit>

à l’ordre 2, on trouve la longueur ajoutée daj,
<latexit sha1_base64="pSA3HiILjyfhpQQzTpNhnrPPLgo="></latexit>

à l’ordre 1, une canette de soda ne résonne pas,
<latexit sha1_base64="00vpQ1cVjiw08Btr2JJzOHCaLTs="></latexit>

<latexit sha1_base64="2Kdn5rYJxnwaY4e2l6ZXUjTUXsA="></latexit>

Aux ordres n=1 et 2

2. Approche asymptotique : les 3 échelles 

3. Problème effectif obtenu : de l’ordre 0 à l’ordre 2

 6
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<latexit sha1_base64="48NeV/KXmvCJtW5kX2dUQT3SrcM="></latexit>

(ce qui est le cas en dehors de la résonance)

condition limite e↵ective
<latexit sha1_base64="7ZYTdfmcbqxf5TZoEOXBTzPph14="></latexit>

vitesse u1 en x1 = 0 ?
<latexit sha1_base64="jPyA/RuV1SFkHEYt21rFHXYHUD4="></latexit>

x1
<latexit sha1_base64="tf07c4w2HCB6FPZeSkK/G2Pguiw="></latexit>

<latexit sha1_base64="8EHybkaQ/OHmb36vFRnPfpum+AE="></latexit>

0

<latexit sha1_base64="PfhxO+ECtmZtGaWLH272fnn9aZw="></latexit>x2

<latexit sha1_base64="47mCLn16WlSgTO2VpB6a1pZuIbE="></latexit>x3

<latexit sha1_base64="l7N7RZnaS8LxzKM3FC7DGlI1ahQ="></latexit>

x0 = (x2, x3)
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u1(0,x
0, t) = �↵

@pc

@t
(x0, t),

<latexit sha1_base64="F7BsEFR0qRXU33XV7IsLmaPevqM="></latexit>

↵ =
V

⇢c2h2
<latexit sha1_base64="+3KpDbIcI7y0VO80dQ8bAk1SHD0="></latexit>

@2pc

@t2
+ !2

H
pc = !2

H
p(0,x0, t),

<latexit sha1_base64="GTOVfR+Fcs6orAYVNaprm9V3fHg="></latexit>

!H = c

s
A

(d+ daj)V
,

<latexit sha1_base64="6yjenRbTJRythNA5NQE1SScprWE="></latexit>

2. Approche asymptotique : les 3 échelles 

3. Problème effectif obtenu : à l’ordre 2

 7
 Sarah TACHET, Kim PHAM, Agnes MAUREL
 GdR ARCHI-META, GT2, Besançon, Juin 2024  6

condition limite e↵ective
<latexit sha1_base64="7ZYTdfmcbqxf5TZoEOXBTzPph14="></latexit>

vitesse u1 en x1 = 0 ?
<latexit sha1_base64="jPyA/RuV1SFkHEYt21rFHXYHUD4="></latexit>

x1
<latexit sha1_base64="tf07c4w2HCB6FPZeSkK/G2Pguiw="></latexit>

<latexit sha1_base64="8EHybkaQ/OHmb36vFRnPfpum+AE="></latexit>

0

<latexit sha1_base64="PfhxO+ECtmZtGaWLH272fnn9aZw="></latexit>x2

<latexit sha1_base64="47mCLn16WlSgTO2VpB6a1pZuIbE="></latexit>x3

<latexit sha1_base64="l7N7RZnaS8LxzKM3FC7DGlI1ahQ="></latexit>

x0 = (x2, x3)
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u1(0,x
0, t) = �↵

@pc

@t
(x0, t),

<latexit sha1_base64="F7BsEFR0qRXU33XV7IsLmaPevqM="></latexit>

↵ =
V

⇢c2h2
<latexit sha1_base64="+3KpDbIcI7y0VO80dQ8bAk1SHD0="></latexit>

@2pc

@t2
+ !2

H
pc = !2

H
p(0,x0, t),

<latexit sha1_base64="GTOVfR+Fcs6orAYVNaprm9V3fHg="></latexit>

!H = c

s
A

(d+ daj)V
,

<latexit sha1_base64="6yjenRbTJRythNA5NQE1SScprWE="></latexit>

daj = 2
p
AB,

<latexit sha1_base64="tb8hCvaSX+MLqwjT7cXs58ZM4D0="></latexit>

2. Approche asymptotique : les 3 échelles 

3. Problème effectif obtenu : à l’ordre 2
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condition limite e↵ective
<latexit sha1_base64="7ZYTdfmcbqxf5TZoEOXBTzPph14="></latexit>

vitesse u1 en x1 = 0 ?
<latexit sha1_base64="jPyA/RuV1SFkHEYt21rFHXYHUD4="></latexit>

x1
<latexit sha1_base64="tf07c4w2HCB6FPZeSkK/G2Pguiw="></latexit>

<latexit sha1_base64="8EHybkaQ/OHmb36vFRnPfpum+AE="></latexit>

0

<latexit sha1_base64="PfhxO+ECtmZtGaWLH272fnn9aZw="></latexit>x2

<latexit sha1_base64="47mCLn16WlSgTO2VpB6a1pZuIbE="></latexit>x3

<latexit sha1_base64="l7N7RZnaS8LxzKM3FC7DGlI1ahQ="></latexit>

x0 = (x2, x3)
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u1(0,x
0, t) = �↵

@pc

@t
(x0, t),

<latexit sha1_base64="F7BsEFR0qRXU33XV7IsLmaPevqM="></latexit>

↵ =
V

⇢c2h2
<latexit sha1_base64="+3KpDbIcI7y0VO80dQ8bAk1SHD0="></latexit>

@2pc

@t2
+ !2

H
pc = !2

H
p(0,x0, t),

<latexit sha1_base64="GTOVfR+Fcs6orAYVNaprm9V3fHg="></latexit>

!H = c

s
A

(d+ daj)V
,

<latexit sha1_base64="6yjenRbTJRythNA5NQE1SScprWE="></latexit>

daj = 2
p
AB,

<latexit sha1_base64="tb8hCvaSX+MLqwjT7cXs58ZM4D0="></latexit>

B est un paramètre réel sans dimension,
<latexit sha1_base64="YCEVl/1xc+g3JYEVkKMYjhHimw0="></latexit>

il ne dépend que de la forme de la section du col
<latexit sha1_base64="qLlWgYuMIjHoDl/WTFa4LRUVSE8="></latexit>

2. Approche asymptotique : les 3 échelles 

3. Problème effectif obtenu : à l’ordre 2
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condition limite e↵ective
<latexit sha1_base64="7ZYTdfmcbqxf5TZoEOXBTzPph14="></latexit>

vitesse u1 en x1 = 0 ?
<latexit sha1_base64="jPyA/RuV1SFkHEYt21rFHXYHUD4="></latexit>

x1
<latexit sha1_base64="tf07c4w2HCB6FPZeSkK/G2Pguiw="></latexit>

<latexit sha1_base64="8EHybkaQ/OHmb36vFRnPfpum+AE="></latexit>

0

<latexit sha1_base64="PfhxO+ECtmZtGaWLH272fnn9aZw="></latexit>x2

<latexit sha1_base64="47mCLn16WlSgTO2VpB6a1pZuIbE="></latexit>x3

<latexit sha1_base64="l7N7RZnaS8LxzKM3FC7DGlI1ahQ="></latexit>

x0 = (x2, x3)



 13 / 20

2. Approche asymptotique : les 3 échelles 

3. Problème effectif obtenu : à l’ordre 2
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<latexit sha1_base64="CSZ8moAeqVudhIh9KqdXW+ra98E="></latexit>

B =?
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<latexit sha1_base64="0lY9XToNx7RmgWHmycvTfdl0Byo="></latexit>

tube

fluide parfait dans un tube débouchant sur un demi-espace
<latexit sha1_base64="AU6G4OKHSX8OrR7F0vt12d/bnnE="></latexit>

demi-espace
<latexit sha1_base64="ITmJWFB4rrUKC/bPNjgHhtkxmB0="></latexit>

2. Approche asymptotique : les 3 échelles 

3. Problème effectif obtenu : à l’ordre 2
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<latexit sha1_base64="CSZ8moAeqVudhIh9KqdXW+ra98E="></latexit>

B =?

<latexit sha1_base64="8Vid/eP2NczRdeLz/ApbFmqdt2g="></latexit>8
<

:
�zH = 0, rzH · n = 0 sur les parois

H ⇠
z1!�1

z1 � B, H ⇠
|z|!+1

� 1
2⇡|z|
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<latexit sha1_base64="z+brv1qHiPP0LZv6EZDodC0NZoY="></latexit>

B =?

<latexit sha1_base64="0lY9XToNx7RmgWHmycvTfdl0Byo="></latexit>

tube

fluide parfait dans un tube débouchant sur un demi-espace
<latexit sha1_base64="AU6G4OKHSX8OrR7F0vt12d/bnnE="></latexit>

B est le coe�cient de blocage
<latexit sha1_base64="WUfx7Ou8n4aIq+bILZOUvt+Pj9Q="></latexit>

demi-espace
<latexit sha1_base64="ITmJWFB4rrUKC/bPNjgHhtkxmB0="></latexit>

2. Approche asymptotique : les 3 échelles 

3. Problème effectif obtenu : à l’ordre 2

 8
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<latexit sha1_base64="8Vid/eP2NczRdeLz/ApbFmqdt2g="></latexit>8
<

:
�zH = 0, rzH · n = 0 sur les parois

H ⇠
z1!�1

z1 � B, H ⇠
|z|!+1

� 1
2⇡|z|

<latexit sha1_base64="CSZ8moAeqVudhIh9KqdXW+ra98E="></latexit>

B =?
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2. Approche asymptotique : les 3 échelles 

3. Problème effectif obtenu
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0 0.2 0.4 0.6 0.8 1 1.2
0.28

0.3

0.32

0.34

0.36

0.38

0.4

0.42

0.44

0.46

0.48

<latexit sha1_base64="i6xpED9zwp8gYNFklq5QyDftp0o="></latexit>

0.28
<latexit sha1_base64="6zDzqrf0bdBpnxmChkIT3/qHU0c="></latexit>

0
<latexit sha1_base64="ULWq9Lkf1KmnE+64LVez1yAuCuk="></latexit>

1

<latexit sha1_base64="hs87i/4AnWyEAwvUQAJvGD6FDX8="></latexit>

0.48

<latexit sha1_base64="pesfJGVX1TziZ3HxBbBy+RvORDA="></latexit>a

<latexit sha1_base64="an+dv1UGm76F3GndejC29ImFN7k="></latexit>

b

<latexit sha1_base64="pesfJGVX1TziZ3HxBbBy+RvORDA="></latexit>a

<latexit sha1_base64="an+dv1UGm76F3GndejC29ImFN7k="></latexit>

b

<latexit sha1_base64="DEw2np1hm/DS3ih3gSJrA9c8dmQ="></latexit> P
ar
am

èt
re

e↵
ec
ti
f
B

<latexit sha1_base64="/2ZKlZvtoO9fWEvUtK/mIUnjjnM="></latexit>

B = f(�)

<latexit sha1_base64="BEoqSh1zXsyfJ8yn1xU8ijE7yt0="></latexit>

Paramètre de forme � =
a

b

<latexit sha1_base64="10pEEEorf4BOlyu0mqdzeiBuw6c="></latexit>

section col étoile
<latexit sha1_base64="lllkVNnOmw8bQ5TbTHBZAWT2EVk="></latexit>

section rectangle
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1. Problème étudié 

2. Approche asymptotique 

3. Problème effectif obtenu 

4. Validation du modèle : régime harmonique 

5. Extension de la méta-surface à la méta-interface 
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<latexit sha1_base64="WH9EUrAuE77B4bHrJYrJVnT+JHk="></latexit>

numerique
<latexit sha1_base64="ynkYqj54ocQL7D443A1w4gykSpc="></latexit>

e↵ectif

<latexit sha1_base64="LwmB+vWBADM2PsZtLea8/xDc04E="></latexit>

modèle

 16 / 20

<latexit sha1_base64="7gK2GiQi5r1e/jv2DhZtYfNxqcA="></latexit> ch
am

p
d
e
p
re
ss
io
n

P

3. Problème effectif obtenu 

4. Validation du modèle : régime harmonique
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<latexit sha1_base64="cZ6HgZoaWI0J4f0qaZvtXvkLAr8="></latexit>

u1(0,x
0, t) = 0

<latexit sha1_base64="POJNVjItPz1Rdc9gDkU+kNV1o80="></latexit>

Ordre 0



<latexit sha1_base64="WH9EUrAuE77B4bHrJYrJVnT+JHk="></latexit>

numerique
<latexit sha1_base64="ynkYqj54ocQL7D443A1w4gykSpc="></latexit>

e↵ectif

<latexit sha1_base64="LwmB+vWBADM2PsZtLea8/xDc04E="></latexit>

modèle

 16 / 20

<latexit sha1_base64="rggDrbsNMc9YHnNME1mZZBOd1rA="></latexit>

p
ar
ti
e
ré
el
le

d
e
R

<latexit sha1_base64="7gK2GiQi5r1e/jv2DhZtYfNxqcA="></latexit> ch
am

p
d
e
p
re
ss
io
n

P

3. Problème effectif obtenu 

4. Validation du modèle : régime harmonique
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<latexit sha1_base64="cZ6HgZoaWI0J4f0qaZvtXvkLAr8="></latexit>

u1(0,x
0, t) = 0

<latexit sha1_base64="zW6QIolJPGSErPfouexKm0x6rMQ="></latexit>

0
<latexit sha1_base64="NGto1aPr/qf3uUVgM/bfaMtP4gY="></latexit>

250

<latexit sha1_base64="W5yT9BjZeed3sVM7Egi8MOIRxDA="></latexit>

�1

<latexit sha1_base64="XnvrUjVbnm04dNpbnwmR+M/Guyo="></latexit>

1
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0.8

1

<latexit sha1_base64="sK3UpYFN4JsTgDDQvB5Tb7RGTAk="></latexit>

frequence

<latexit sha1_base64="POJNVjItPz1Rdc9gDkU+kNV1o80="></latexit>

Ordre 0

<latexit sha1_base64="o4Bp7IWaNdTvAm3CuWU75EYO5U0="></latexit>

m
od

èl
e

<latexit sha1_base64="pjjg9FcbQGrcJPN/rRMJftderFU="></latexit>

nu
m



<latexit sha1_base64="WH9EUrAuE77B4bHrJYrJVnT+JHk="></latexit>

numerique
<latexit sha1_base64="ynkYqj54ocQL7D443A1w4gykSpc="></latexit>

e↵ectif

<latexit sha1_base64="LwmB+vWBADM2PsZtLea8/xDc04E="></latexit>
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<latexit sha1_base64="cZ6HgZoaWI0J4f0qaZvtXvkLAr8="></latexit>

u1(0,x
0, t) = 0
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<latexit sha1_base64="cZ6HgZoaWI0J4f0qaZvtXvkLAr8="></latexit>

u1(0,x
0, t) = 0

<latexit sha1_base64="s956alcUxQ64fGZZt800Irod6TI="></latexit>

!1 / 1/
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<latexit sha1_base64="zW6QIolJPGSErPfouexKm0x6rMQ="></latexit>

0
<latexit sha1_base64="NGto1aPr/qf3uUVgM/bfaMtP4gY="></latexit>
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<latexit sha1_base64="POJNVjItPz1Rdc9gDkU+kNV1o80="></latexit>
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<latexit sha1_base64="Hz0eEpaA5vf+5D02OGeSvQbkyew="></latexit>
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<latexit sha1_base64="o4Bp7IWaNdTvAm3CuWU75EYO5U0="></latexit>
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<latexit sha1_base64="LwmB+vWBADM2PsZtLea8/xDc04E="></latexit>
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<latexit sha1_base64="LwmB+vWBADM2PsZtLea8/xDc04E="></latexit>
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<latexit sha1_base64="WH9EUrAuE77B4bHrJYrJVnT+JHk="></latexit>
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<latexit sha1_base64="ynkYqj54ocQL7D443A1w4gykSpc="></latexit>
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<latexit sha1_base64="cZ6HgZoaWI0J4f0qaZvtXvkLAr8="></latexit>

u1(0,x
0, t) = 0

<latexit sha1_base64="s956alcUxQ64fGZZt800Irod6TI="></latexit>
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<latexit sha1_base64="1cyxxk2wMyGhvN4I6XOU9CUyfgQ="></latexit>
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<latexit sha1_base64="zW6QIolJPGSErPfouexKm0x6rMQ="></latexit>

0
<latexit sha1_base64="NGto1aPr/qf3uUVgM/bfaMtP4gY="></latexit>

250

<latexit sha1_base64="W5yT9BjZeed3sVM7Egi8MOIRxDA="></latexit>
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<latexit sha1_base64="XnvrUjVbnm04dNpbnwmR+M/Guyo="></latexit>
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<latexit sha1_base64="sK3UpYFN4JsTgDDQvB5Tb7RGTAk="></latexit>
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<latexit sha1_base64="zW6QIolJPGSErPfouexKm0x6rMQ="></latexit>

0
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frequence

<latexit sha1_base64="POJNVjItPz1Rdc9gDkU+kNV1o80="></latexit>

Ordre 0
<latexit sha1_base64="Hz0eEpaA5vf+5D02OGeSvQbkyew="></latexit>

Ordre 1
<latexit sha1_base64="Nzsrx23P/DLRrWnGHdqKWv69JjM="></latexit>
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<latexit sha1_base64="cZ6HgZoaWI0J4f0qaZvtXvkLAr8="></latexit>

u1(0,x
0, t) = 0

<latexit sha1_base64="s956alcUxQ64fGZZt800Irod6TI="></latexit>

!1 / 1/
p
d1

<latexit sha1_base64="1cyxxk2wMyGhvN4I6XOU9CUyfgQ="></latexit>

!1 / 1/
p
d2

<latexit sha1_base64="zW6QIolJPGSErPfouexKm0x6rMQ="></latexit>

0
<latexit sha1_base64="NGto1aPr/qf3uUVgM/bfaMtP4gY="></latexit>

250

<latexit sha1_base64="W5yT9BjZeed3sVM7Egi8MOIRxDA="></latexit>
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0
<latexit sha1_base64="NGto1aPr/qf3uUVgM/bfaMtP4gY="></latexit>

250

<latexit sha1_base64="W5yT9BjZeed3sVM7Egi8MOIRxDA="></latexit>
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0
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<latexit sha1_base64="Hz0eEpaA5vf+5D02OGeSvQbkyew="></latexit>

Ordre 1
<latexit sha1_base64="Nzsrx23P/DLRrWnGHdqKWv69JjM="></latexit>
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<latexit sha1_base64="HqAk8kJXhEYlt8oMBTUxOU7TY7E="></latexit>

h
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condition limite e↵ective
<latexit sha1_base64="7ZYTdfmcbqxf5TZoEOXBTzPph14="></latexit>

vitesse u1 en x1 = 0 ?
<latexit sha1_base64="jPyA/RuV1SFkHEYt21rFHXYHUD4="></latexit>

x1
<latexit sha1_base64="tf07c4w2HCB6FPZeSkK/G2Pguiw="></latexit>

<latexit sha1_base64="8EHybkaQ/OHmb36vFRnPfpum+AE="></latexit>

0

<latexit sha1_base64="tWJigaBTvrgfQOuSrMeGosKarl0="></latexit>

incident

<latexit sha1_base64="i2iLvOFS241r1nU/u19QltdauPY="></latexit>

R

<latexit sha1_base64="HSynzcGLtC9pJJsUG9Fg4tsv+nE="></latexit>

reflechi
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condition limite e↵ective
<latexit sha1_base64="7ZYTdfmcbqxf5TZoEOXBTzPph14="></latexit>

vitesse u1 en x1 = 0 ?
<latexit sha1_base64="jPyA/RuV1SFkHEYt21rFHXYHUD4="></latexit>

x1
<latexit sha1_base64="tf07c4w2HCB6FPZeSkK/G2Pguiw="></latexit>

<latexit sha1_base64="8EHybkaQ/OHmb36vFRnPfpum+AE="></latexit>

0

<latexit sha1_base64="tWJigaBTvrgfQOuSrMeGosKarl0="></latexit>

incident

<latexit sha1_base64="i2iLvOFS241r1nU/u19QltdauPY="></latexit>

R

<latexit sha1_base64="HSynzcGLtC9pJJsUG9Fg4tsv+nE="></latexit>

reflechi

x1
<latexit sha1_base64="tf07c4w2HCB6FPZeSkK/G2Pguiw="></latexit>

<latexit sha1_base64="8EHybkaQ/OHmb36vFRnPfpum+AE="></latexit>

0

<latexit sha1_base64="lqNaMscGEB1HvI4OffPSWoFZVz0="></latexit>�e
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<latexit sha1_base64="EaFZUtUkiJHaspGPuxLlMRMNrnE="></latexit>

T
<latexit sha1_base64="S/uHXTjOmK3DTKbcUIyTlga/CSo="></latexit>

transmis

<latexit sha1_base64="czS900DYYdDUy/uHNxlodQuOLtQ="></latexit>

condition de saut e↵ective

<latexit sha1_base64="+Hd3eA41bWfo085yfQ3gWH6LJzU="></latexit>

et x1 = �e

<latexit sha1_base64="xL5N/vHilXyIhGYqCTOYEdFA1CY="></latexit>

Ju1K et JpK entre x1 = 0
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u1(0,x
0, t) = �↵

@pc

@t
(x0, t),

<latexit sha1_base64="F7BsEFR0qRXU33XV7IsLmaPevqM="></latexit>

condition limite e↵ective
<latexit sha1_base64="7ZYTdfmcbqxf5TZoEOXBTzPph14="></latexit>

vitesse u1 en x1 = 0 ?
<latexit sha1_base64="jPyA/RuV1SFkHEYt21rFHXYHUD4="></latexit>

x1
<latexit sha1_base64="tf07c4w2HCB6FPZeSkK/G2Pguiw="></latexit>

<latexit sha1_base64="8EHybkaQ/OHmb36vFRnPfpum+AE="></latexit>

0

<latexit sha1_base64="tWJigaBTvrgfQOuSrMeGosKarl0="></latexit>

incident

<latexit sha1_base64="i2iLvOFS241r1nU/u19QltdauPY="></latexit>
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x1
<latexit sha1_base64="tf07c4w2HCB6FPZeSkK/G2Pguiw="></latexit>

<latexit sha1_base64="8EHybkaQ/OHmb36vFRnPfpum+AE="></latexit>

0

<latexit sha1_base64="lqNaMscGEB1HvI4OffPSWoFZVz0="></latexit>�e

<latexit sha1_base64="tWJigaBTvrgfQOuSrMeGosKarl0="></latexit>

incident

<latexit sha1_base64="i2iLvOFS241r1nU/u19QltdauPY="></latexit>

R

<latexit sha1_base64="HSynzcGLtC9pJJsUG9Fg4tsv+nE="></latexit>

reflechi

<latexit sha1_base64="EaFZUtUkiJHaspGPuxLlMRMNrnE="></latexit>

T
<latexit sha1_base64="S/uHXTjOmK3DTKbcUIyTlga/CSo="></latexit>

transmis

<latexit sha1_base64="czS900DYYdDUy/uHNxlodQuOLtQ="></latexit>

condition de saut e↵ective

<latexit sha1_base64="+Hd3eA41bWfo085yfQ3gWH6LJzU="></latexit>

et x1 = �e

<latexit sha1_base64="xL5N/vHilXyIhGYqCTOYEdFA1CY="></latexit>

Ju1K et JpK entre x1 = 0

4. Validation du modèle : régime harmonique 

5. Extension de la méta-surface à la méta-interface : problème effectif



 19 / 20 12

u1(0,x
0, t) = �↵

@pc

@t
(x0, t),

<latexit sha1_base64="F7BsEFR0qRXU33XV7IsLmaPevqM="></latexit>

<latexit sha1_base64="Cn35wQ5LQGUGo0NEIqwBSuOfMZc="></latexit>

Ju1K (0,x0, t) = �↵
@pc

@t
(x0, t),

<latexit sha1_base64="ur8mGPqOlt1IHyOlxMp+OlU1WIU="></latexit>

JfK (x0, t) = f(0,x0, t)� f(�e,x0, t)

condition limite e↵ective
<latexit sha1_base64="7ZYTdfmcbqxf5TZoEOXBTzPph14="></latexit>

vitesse u1 en x1 = 0 ?
<latexit sha1_base64="jPyA/RuV1SFkHEYt21rFHXYHUD4="></latexit>

x1
<latexit sha1_base64="tf07c4w2HCB6FPZeSkK/G2Pguiw="></latexit>

<latexit sha1_base64="8EHybkaQ/OHmb36vFRnPfpum+AE="></latexit>

0

<latexit sha1_base64="tWJigaBTvrgfQOuSrMeGosKarl0="></latexit>

incident

<latexit sha1_base64="i2iLvOFS241r1nU/u19QltdauPY="></latexit>

R

<latexit sha1_base64="HSynzcGLtC9pJJsUG9Fg4tsv+nE="></latexit>

reflechi
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x1
<latexit sha1_base64="tf07c4w2HCB6FPZeSkK/G2Pguiw="></latexit>

<latexit sha1_base64="8EHybkaQ/OHmb36vFRnPfpum+AE="></latexit>

0

<latexit sha1_base64="lqNaMscGEB1HvI4OffPSWoFZVz0="></latexit>�e

<latexit sha1_base64="tWJigaBTvrgfQOuSrMeGosKarl0="></latexit>

incident

<latexit sha1_base64="i2iLvOFS241r1nU/u19QltdauPY="></latexit>

R

<latexit sha1_base64="HSynzcGLtC9pJJsUG9Fg4tsv+nE="></latexit>

reflechi

<latexit sha1_base64="EaFZUtUkiJHaspGPuxLlMRMNrnE="></latexit>

T
<latexit sha1_base64="S/uHXTjOmK3DTKbcUIyTlga/CSo="></latexit>

transmis

<latexit sha1_base64="czS900DYYdDUy/uHNxlodQuOLtQ="></latexit>

condition de saut e↵ective

<latexit sha1_base64="+Hd3eA41bWfo085yfQ3gWH6LJzU="></latexit>

et x1 = �e

<latexit sha1_base64="xL5N/vHilXyIhGYqCTOYEdFA1CY="></latexit>

Ju1K et JpK entre x1 = 0

4. Validation du modèle : régime harmonique 

5. Extension de la méta-surface à la méta-interface : problème effectif



 19 / 20 12

u1(0,x
0, t) = �↵

@pc

@t
(x0, t),

<latexit sha1_base64="F7BsEFR0qRXU33XV7IsLmaPevqM="></latexit>

@2pc

@t2
+ !2

H
pc = !2

H
p(0,x0, t),

<latexit sha1_base64="GTOVfR+Fcs6orAYVNaprm9V3fHg="></latexit>

<latexit sha1_base64="Cn35wQ5LQGUGo0NEIqwBSuOfMZc="></latexit>

Ju1K (0,x0, t) = �↵
@pc

@t
(x0, t),

<latexit sha1_base64="ur8mGPqOlt1IHyOlxMp+OlU1WIU="></latexit>

JfK (x0, t) = f(0,x0, t)� f(�e,x0, t)

condition limite e↵ective
<latexit sha1_base64="7ZYTdfmcbqxf5TZoEOXBTzPph14="></latexit>

vitesse u1 en x1 = 0 ?
<latexit sha1_base64="jPyA/RuV1SFkHEYt21rFHXYHUD4="></latexit>

x1
<latexit sha1_base64="tf07c4w2HCB6FPZeSkK/G2Pguiw="></latexit>

<latexit sha1_base64="8EHybkaQ/OHmb36vFRnPfpum+AE="></latexit>

0

<latexit sha1_base64="tWJigaBTvrgfQOuSrMeGosKarl0="></latexit>

incident

<latexit sha1_base64="i2iLvOFS241r1nU/u19QltdauPY="></latexit>

R

<latexit sha1_base64="HSynzcGLtC9pJJsUG9Fg4tsv+nE="></latexit>

reflechi
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x1
<latexit sha1_base64="tf07c4w2HCB6FPZeSkK/G2Pguiw="></latexit>

<latexit sha1_base64="8EHybkaQ/OHmb36vFRnPfpum+AE="></latexit>

0

<latexit sha1_base64="lqNaMscGEB1HvI4OffPSWoFZVz0="></latexit>�e

<latexit sha1_base64="tWJigaBTvrgfQOuSrMeGosKarl0="></latexit>

incident

<latexit sha1_base64="i2iLvOFS241r1nU/u19QltdauPY="></latexit>

R

<latexit sha1_base64="HSynzcGLtC9pJJsUG9Fg4tsv+nE="></latexit>

reflechi

<latexit sha1_base64="EaFZUtUkiJHaspGPuxLlMRMNrnE="></latexit>

T
<latexit sha1_base64="S/uHXTjOmK3DTKbcUIyTlga/CSo="></latexit>

transmis

<latexit sha1_base64="czS900DYYdDUy/uHNxlodQuOLtQ="></latexit>

condition de saut e↵ective

<latexit sha1_base64="+Hd3eA41bWfo085yfQ3gWH6LJzU="></latexit>

et x1 = �e

<latexit sha1_base64="xL5N/vHilXyIhGYqCTOYEdFA1CY="></latexit>

Ju1K et JpK entre x1 = 0

4. Validation du modèle : régime harmonique 

5. Extension de la méta-surface à la méta-interface : problème effectif



 19 / 20 12

u1(0,x
0, t) = �↵

@pc

@t
(x0, t),

<latexit sha1_base64="F7BsEFR0qRXU33XV7IsLmaPevqM="></latexit>

@2pc

@t2
+ !2

H
pc = !2

H
p(0,x0, t),

<latexit sha1_base64="GTOVfR+Fcs6orAYVNaprm9V3fHg="></latexit>

<latexit sha1_base64="Cn35wQ5LQGUGo0NEIqwBSuOfMZc="></latexit>

Ju1K (0,x0, t) = �↵
@pc

@t
(x0, t),

<latexit sha1_base64="ur8mGPqOlt1IHyOlxMp+OlU1WIU="></latexit>

JfK (x0, t) = f(0,x0, t)� f(�e,x0, t)

<latexit sha1_base64="JuWZ0ifvCIi2fdpwtWmAk8CvAYA="></latexit>

f(x0, t) =
1

2
(f(0,x0, t) + f(�e,x0, t))

condition limite e↵ective
<latexit sha1_base64="7ZYTdfmcbqxf5TZoEOXBTzPph14="></latexit>

vitesse u1 en x1 = 0 ?
<latexit sha1_base64="jPyA/RuV1SFkHEYt21rFHXYHUD4="></latexit>

x1
<latexit sha1_base64="tf07c4w2HCB6FPZeSkK/G2Pguiw="></latexit>

<latexit sha1_base64="8EHybkaQ/OHmb36vFRnPfpum+AE="></latexit>

0

<latexit sha1_base64="tWJigaBTvrgfQOuSrMeGosKarl0="></latexit>

incident

<latexit sha1_base64="i2iLvOFS241r1nU/u19QltdauPY="></latexit>

R

<latexit sha1_base64="HSynzcGLtC9pJJsUG9Fg4tsv+nE="></latexit>

reflechi

<latexit sha1_base64="7qqmnEnzqCtBKJY/EWJnnG98Iac="></latexit>

@2pc

@t2
(x0, t) + !2

H
pc(x

0, t) = !2
H
p(x0, t),
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x1
<latexit sha1_base64="tf07c4w2HCB6FPZeSkK/G2Pguiw="></latexit>

<latexit sha1_base64="8EHybkaQ/OHmb36vFRnPfpum+AE="></latexit>

0

<latexit sha1_base64="lqNaMscGEB1HvI4OffPSWoFZVz0="></latexit>�e

<latexit sha1_base64="tWJigaBTvrgfQOuSrMeGosKarl0="></latexit>

incident

<latexit sha1_base64="i2iLvOFS241r1nU/u19QltdauPY="></latexit>

R

<latexit sha1_base64="HSynzcGLtC9pJJsUG9Fg4tsv+nE="></latexit>

reflechi

<latexit sha1_base64="EaFZUtUkiJHaspGPuxLlMRMNrnE="></latexit>

T
<latexit sha1_base64="S/uHXTjOmK3DTKbcUIyTlga/CSo="></latexit>

transmis

<latexit sha1_base64="czS900DYYdDUy/uHNxlodQuOLtQ="></latexit>

condition de saut e↵ective

<latexit sha1_base64="+Hd3eA41bWfo085yfQ3gWH6LJzU="></latexit>

et x1 = �e

<latexit sha1_base64="xL5N/vHilXyIhGYqCTOYEdFA1CY="></latexit>

Ju1K et JpK entre x1 = 0

4. Validation du modèle : régime harmonique 

5. Extension de la méta-surface à la méta-interface : problème effectif



 19 / 20 12

u1(0,x
0, t) = �↵

@pc

@t
(x0, t),

<latexit sha1_base64="F7BsEFR0qRXU33XV7IsLmaPevqM="></latexit>

@2pc

@t2
+ !2

H
pc = !2

H
p(0,x0, t),

<latexit sha1_base64="GTOVfR+Fcs6orAYVNaprm9V3fHg="></latexit>

<latexit sha1_base64="Cn35wQ5LQGUGo0NEIqwBSuOfMZc="></latexit>

Ju1K (0,x0, t) = �↵
@pc

@t
(x0, t),

<latexit sha1_base64="ur8mGPqOlt1IHyOlxMp+OlU1WIU="></latexit>

JfK (x0, t) = f(0,x0, t)� f(�e,x0, t)

<latexit sha1_base64="JuWZ0ifvCIi2fdpwtWmAk8CvAYA="></latexit>

f(x0, t) =
1

2
(f(0,x0, t) + f(�e,x0, t))

condition limite e↵ective
<latexit sha1_base64="7ZYTdfmcbqxf5TZoEOXBTzPph14="></latexit>

vitesse u1 en x1 = 0 ?
<latexit sha1_base64="jPyA/RuV1SFkHEYt21rFHXYHUD4="></latexit>

x1
<latexit sha1_base64="tf07c4w2HCB6FPZeSkK/G2Pguiw="></latexit>

<latexit sha1_base64="8EHybkaQ/OHmb36vFRnPfpum+AE="></latexit>

0

<latexit sha1_base64="tWJigaBTvrgfQOuSrMeGosKarl0="></latexit>

incident

<latexit sha1_base64="i2iLvOFS241r1nU/u19QltdauPY="></latexit>

R

<latexit sha1_base64="HSynzcGLtC9pJJsUG9Fg4tsv+nE="></latexit>

reflechi

<latexit sha1_base64="7qqmnEnzqCtBKJY/EWJnnG98Iac="></latexit>

@2pc

@t2
(x0, t) + !2

H
pc(x

0, t) = !2
H
p(x0, t),
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x1
<latexit sha1_base64="tf07c4w2HCB6FPZeSkK/G2Pguiw="></latexit>

<latexit sha1_base64="8EHybkaQ/OHmb36vFRnPfpum+AE="></latexit>

0

<latexit sha1_base64="lqNaMscGEB1HvI4OffPSWoFZVz0="></latexit>�e

<latexit sha1_base64="tWJigaBTvrgfQOuSrMeGosKarl0="></latexit>

incident

<latexit sha1_base64="i2iLvOFS241r1nU/u19QltdauPY="></latexit>

R

<latexit sha1_base64="HSynzcGLtC9pJJsUG9Fg4tsv+nE="></latexit>

reflechi

<latexit sha1_base64="EaFZUtUkiJHaspGPuxLlMRMNrnE="></latexit>

T
<latexit sha1_base64="S/uHXTjOmK3DTKbcUIyTlga/CSo="></latexit>

transmis

<latexit sha1_base64="czS900DYYdDUy/uHNxlodQuOLtQ="></latexit>

condition de saut e↵ective

<latexit sha1_base64="+Hd3eA41bWfo085yfQ3gWH6LJzU="></latexit>

et x1 = �e

<latexit sha1_base64="xL5N/vHilXyIhGYqCTOYEdFA1CY="></latexit>

Ju1K et JpK entre x1 = 0

4. Validation du modèle : régime harmonique 

5. Extension de la méta-surface à la méta-interface : problème effectif

<latexit sha1_base64="nW6ahoWtYoP0V+veKlDiy+unPTs="></latexit>

JpK (x0, t) = �⇢
(d+ daj)h2

A

@u1

@t
(x0, t)
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<latexit sha1_base64="7gK2GiQi5r1e/jv2DhZtYfNxqcA="></latexit> ch
am

p
d
e
p
re
ss
io
n

P
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4. Validation du modèle : régime harmonique 

5. Extension de la méta-surface à la méta-interface : validation

<latexit sha1_base64="WH9EUrAuE77B4bHrJYrJVnT+JHk="></latexit>

num
eriq

ue
<latexit sha1_base64="ynkYqj54ocQL7D443A1w4gykSpc="></latexit>

e↵ec
tif

<latexit sha1_base64="LwmB+vWBADM2PsZtLea8/xDc04E="></latexit>

modèl
e

<latexit sha1_base64="POJNVjItPz1Rdc9gDkU+kNV1o80="></latexit>

Ordre 0
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<latexit sha1_base64="7gK2GiQi5r1e/jv2DhZtYfNxqcA="></latexit> ch
am

p
d
e
p
re
ss
io
n

P
<latexit sha1_base64="VK13exnd8dgA6bj0ObcxhVrWYQc="></latexit> |T
|
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<latexit sha1_base64="zW6QIolJPGSErPfouexKm0x6rMQ="></latexit>

0

<latexit sha1_base64="XnvrUjVbnm04dNpbnwmR+M/Guyo="></latexit>

1

<latexit sha1_base64="o/HZ9DOmoHXXkktdleS7E4236FI="></latexit>

300

<latexit sha1_base64="zW6QIolJPGSErPfouexKm0x6rMQ="></latexit>

0
0 50 100 150 200 250 300

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

<latexit sha1_base64="sK3UpYFN4JsTgDDQvB5Tb7RGTAk="></latexit>

frequence

<latexit sha1_base64="WH9EUrAuE77B4bHrJYrJVnT+JHk="></latexit>

num
eriq

ue
<latexit sha1_base64="ynkYqj54ocQL7D443A1w4gykSpc="></latexit>

e↵ec
tif

<latexit sha1_base64="LwmB+vWBADM2PsZtLea8/xDc04E="></latexit>

modèl
e

4. Validation du modèle : régime harmonique 

5. Extension de la méta-surface à la méta-interface : validation

<latexit sha1_base64="o4Bp7IWaNdTvAm3CuWU75EYO5U0="></latexit>

modèle

<latexit sha1_base64="pjjg9FcbQGrcJPN/rRMJftderFU="></latexit>num

<latexit sha1_base64="POJNVjItPz1Rdc9gDkU+kNV1o80="></latexit>

Ordre 0
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<latexit sha1_base64="7gK2GiQi5r1e/jv2DhZtYfNxqcA="></latexit> ch
am

p
d
e
p
re
ss
io
n

P
<latexit sha1_base64="VK13exnd8dgA6bj0ObcxhVrWYQc="></latexit> |T
|
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<latexit sha1_base64="zW6QIolJPGSErPfouexKm0x6rMQ="></latexit>

0

<latexit sha1_base64="XnvrUjVbnm04dNpbnwmR+M/Guyo="></latexit>

1

<latexit sha1_base64="o/HZ9DOmoHXXkktdleS7E4236FI="></latexit>

300

<latexit sha1_base64="zW6QIolJPGSErPfouexKm0x6rMQ="></latexit>

0
0 50 100 150 200 250 300

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

<latexit sha1_base64="sK3UpYFN4JsTgDDQvB5Tb7RGTAk="></latexit>

frequence

<latexit sha1_base64="WH9EUrAuE77B4bHrJYrJVnT+JHk="></latexit>

num
eriq

ue
<latexit sha1_base64="ynkYqj54ocQL7D443A1w4gykSpc="></latexit>

e↵ec
tif

<latexit sha1_base64="LwmB+vWBADM2PsZtLea8/xDc04E="></latexit>

modèl
e

<latexit sha1_base64="WH9EUrAuE77B4bHrJYrJVnT+JHk="></latexit>

num
eriq

ue
<latexit sha1_base64="ynkYqj54ocQL7D443A1w4gykSpc="></latexit>

e↵ec
tif

<latexit sha1_base64="LwmB+vWBADM2PsZtLea8/xDc04E="></latexit>

modèl
e

4. Validation du modèle : régime harmonique 

5. Extension de la méta-surface à la méta-interface : validation

<latexit sha1_base64="o4Bp7IWaNdTvAm3CuWU75EYO5U0="></latexit>

modèle

<latexit sha1_base64="pjjg9FcbQGrcJPN/rRMJftderFU="></latexit>num

<latexit sha1_base64="POJNVjItPz1Rdc9gDkU+kNV1o80="></latexit>

Ordre 0
<latexit sha1_base64="Hz0eEpaA5vf+5D02OGeSvQbkyew="></latexit>

Ordre 1
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<latexit sha1_base64="7gK2GiQi5r1e/jv2DhZtYfNxqcA="></latexit> ch
am

p
d
e
p
re
ss
io
n

P
<latexit sha1_base64="VK13exnd8dgA6bj0ObcxhVrWYQc="></latexit> |T
|
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<latexit sha1_base64="zW6QIolJPGSErPfouexKm0x6rMQ="></latexit>

0

<latexit sha1_base64="XnvrUjVbnm04dNpbnwmR+M/Guyo="></latexit>

1

<latexit sha1_base64="o/HZ9DOmoHXXkktdleS7E4236FI="></latexit>

300

<latexit sha1_base64="zW6QIolJPGSErPfouexKm0x6rMQ="></latexit>

0
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1

<latexit sha1_base64="sK3UpYFN4JsTgDDQvB5Tb7RGTAk="></latexit>

frequence
<latexit sha1_base64="zW6QIolJPGSErPfouexKm0x6rMQ="></latexit>

0

<latexit sha1_base64="XnvrUjVbnm04dNpbnwmR+M/Guyo="></latexit>

1

<latexit sha1_base64="o/HZ9DOmoHXXkktdleS7E4236FI="></latexit>

300

<latexit sha1_base64="zW6QIolJPGSErPfouexKm0x6rMQ="></latexit>

0
0 50 100 150 200 250 300

0
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0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

<latexit sha1_base64="sK3UpYFN4JsTgDDQvB5Tb7RGTAk="></latexit>

frequence

<latexit sha1_base64="WH9EUrAuE77B4bHrJYrJVnT+JHk="></latexit>

num
eriq

ue
<latexit sha1_base64="ynkYqj54ocQL7D443A1w4gykSpc="></latexit>

e↵ec
tif

<latexit sha1_base64="LwmB+vWBADM2PsZtLea8/xDc04E="></latexit>

modèl
e

<latexit sha1_base64="WH9EUrAuE77B4bHrJYrJVnT+JHk="></latexit>

num
eriq

ue
<latexit sha1_base64="ynkYqj54ocQL7D443A1w4gykSpc="></latexit>

e↵ec
tif

<latexit sha1_base64="LwmB+vWBADM2PsZtLea8/xDc04E="></latexit>

modèl
e

4. Validation du modèle : régime harmonique 

5. Extension de la méta-surface à la méta-interface : validation

<latexit sha1_base64="o4Bp7IWaNdTvAm3CuWU75EYO5U0="></latexit>

modèle

<latexit sha1_base64="pjjg9FcbQGrcJPN/rRMJftderFU="></latexit>num
<latexit sha1_base64="o4Bp7IWaNdTvAm3CuWU75EYO5U0="></latexit>

modèle

<latexit sha1_base64="pjjg9FcbQGrcJPN/rRMJftderFU="></latexit>num

<latexit sha1_base64="POJNVjItPz1Rdc9gDkU+kNV1o80="></latexit>

Ordre 0
<latexit sha1_base64="Hz0eEpaA5vf+5D02OGeSvQbkyew="></latexit>

Ordre 1
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e↵ec
tif

<latexit sha1_base64="LwmB+vWBADM2PsZtLea8/xDc04E="></latexit>

modèl
e

4. Validation du modèle : régime harmonique 

5. Extension de la méta-surface à la méta-interface : validation

<latexit sha1_base64="o4Bp7IWaNdTvAm3CuWU75EYO5U0="></latexit>

modèle

<latexit sha1_base64="pjjg9FcbQGrcJPN/rRMJftderFU="></latexit>num
<latexit sha1_base64="o4Bp7IWaNdTvAm3CuWU75EYO5U0="></latexit>

modèle

<latexit sha1_base64="pjjg9FcbQGrcJPN/rRMJftderFU="></latexit>num

<latexit sha1_base64="POJNVjItPz1Rdc9gDkU+kNV1o80="></latexit>

Ordre 0
<latexit sha1_base64="Hz0eEpaA5vf+5D02OGeSvQbkyew="></latexit>

Ordre 1
<latexit sha1_base64="Nzsrx23P/DLRrWnGHdqKWv69JjM="></latexit>

Ordre 2
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4. Validation du modèle : régime harmonique 

5. Extension de la méta-surface à la méta-interface : validation

<latexit sha1_base64="o4Bp7IWaNdTvAm3CuWU75EYO5U0="></latexit>

modèle

<latexit sha1_base64="pjjg9FcbQGrcJPN/rRMJftderFU="></latexit>num
<latexit sha1_base64="o4Bp7IWaNdTvAm3CuWU75EYO5U0="></latexit>

modèle

<latexit sha1_base64="pjjg9FcbQGrcJPN/rRMJftderFU="></latexit>num
<latexit sha1_base64="o4Bp7IWaNdTvAm3CuWU75EYO5U0="></latexit>

modèle

<latexit sha1_base64="pjjg9FcbQGrcJPN/rRMJftderFU="></latexit>num

<latexit sha1_base64="POJNVjItPz1Rdc9gDkU+kNV1o80="></latexit>

Ordre 0
<latexit sha1_base64="Hz0eEpaA5vf+5D02OGeSvQbkyew="></latexit>

Ordre 1
<latexit sha1_base64="Nzsrx23P/DLRrWnGHdqKWv69JjM="></latexit>

Ordre 2
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1. Problème étudié 

2. Approche asymptotique 

3. Problème effectif obtenu 

4. Validation du modèle : régime harmonique 

5. Extension de la méta-surface à la méta-interface 

6. Perspectives 

 Sarah TACHET, Kim PHAM, Agnes MAUREL
 GdR ARCHI-META, GT2, Besançon, Juin 2024



 19 / 20

• Etudier le cas du réseau de résonateurs de Helmholtz 
« fendus », pour créer des effets de dipôle; 

• Possibilités d’obtenir une absorption parfaite ? 

5. Extension de la méta-surface à la méta-interface 

6. Perspectives

 12
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