
!"#$!%"&!'("'"#)*+!

,)-.#/!"0#$)&*.#!12$.()&$1"2#!

!"#$%!&"'$( )"'$!*$$+!(#,-.$- /0%!"120(# #&0 3$+#,%.$(!"+-!#)$4 "%$!0+$!0/!#)$!20(# 505,1"% 2"+./$(#"#.0+(!0/!

#)$!5)4(.3( 0/!&"'$(6!7)$4 )"'$!"11!#)$!/,+-"2$+#"1 30251$8.#4 0/!#)$!5)4(.3( 0/!&"'$( "+-!"1(0 )"'$!2"+4

5%"3#.3"1 "551.3"#.0+(9!"(!.+!!+"'"1!"+-!30"(#"1 $+:.+$$%.+:6!;3$"+ &"'$( 0//$% :%$"# 50#$+#."1 *$3",($ #)$.% $+$%:4

30,1- *$ "+!"1#$%+"#.'$!#0!/0((.1 $+$%:.$( *,#!.+!"--.#.0+9!#)$4 %$5%$($+# "!-"+:$%!*$3",($ #)$4 3"+ 5%0-,3$

3"#"(#%05).3 -"2":$6

;,%!:%0,5!)"(!-$'$1055$- 1"*0%"#0%4 $85$%.2$+#( 0/!&"#$%!&"'$( "+-!"+!05#.3"1 #$3)+.<,$!"*1$!#0!<,"+#.#"#.'$14

2$"(,%$ #)$!(,%/"3$!$1$'"#.0+ =5%0>$3# /,+-$- *4!#)$!?:$+3$!@"#.0+"1$!-$!1"!A$3)$%3)$B6

7)$!(,*>$3# 0/!#)$!50(#!-03#0%"1!50(.#.0+!3"+ *$ 0+$!0/!#)$($ (,*>$3#C

34.!12$.()&$1"2!"5!6)$.(!6)-. 61$4 )!0)$4$70 $8'.!-"($.9!"+-!#)$!:$+$%"#.0+ 0/!
&"'$( *4!"!(#%0+: '0%#$86!7).(!D.+- 0/!.+#$%"3#.0+!&.#) "!'0%#$89!D+0&+ "(!#)$!"+"10: 0/!#)$!

<,"+#,2!?)"%0+0'" E0)2 $//$3#9!)"(!*$$+!#)$0%$#.3"114 (#,-.$- /0%!&$"D .+#$%"3#.0+(!*,#!

/$&!$85$%.2$+#"1 (#,-.$( )"'$!*$$+!-0+$6!;,%!$85$%.2$+#"1 ($#!,5!$8510%$(!#)$!#%"+(.#.0+!

/%02 #)$($ %$:.2$( 0/!&$"D .+#$%"3#.0+(!#0&"%- (#%0+: .+#$%"3#.0+!%$:.2$(6!

:"2$)&$#+

;<2=#!>)7(.*?!@A;/BC!:D?!!)(1#?!!!!!!!!!!!!!!!!!)<2.#EF)7(.*G.#'&1E5(

!41*1''.!!.$1$H.)2#?!!>>I/BC!:D?!!)(1#?!!!'41*G'FF4E.#'&1E5(

J12&.2$!!)<2.79?!@;K>?!@.!>)2#?!!!!!!!!!!!!!!-12&.2$E')<2.79G721-"*.F)2#E5(

F,*1.3!:%"+#( =GHHIJGHKKB!

LMFNO9!KH!%,$!P",<,$1.+9!F"%.(9!Q%"+3$

C.. )*#" C!)##5CJJ&&&6522)6$(53.6/%JR30*$11.J

31F." (.-.(#)*!"5!#7(5)&.!6)-.#E!;,%!2$"(,%$2$+# #$3)+.<,$!.( "*1$!#0!3"5#,%$!#)$!

-4+"2.3( 0/!"!-%05!/"11.+: .+!&"#$%6!E4!:$+$%"#.+: "# 0+$!50.+#!0+!#)$!/%$$!(,%/"3$!#)$!#.2$"

%$'$%($- (.:+"19!.# ()0,1- *$ 50((.*1$!#0!3%$"#$ #)$!-,"1"&"#$%!&"'$9!.6$6!#)$!&"'$ #)"#

5%05":"#$( .+!"!#.2$" %$'$%($- 3)%0+010:46!!7)$!5%0*1$2( 0/!(,*&"'$1$+:#) %$(01,#.0+ &.11

*$ "1(0 (#,-.$-6
N0*$11.9!S",%$19!F":+$,8 T!F$#.#>$"+(

N0*$11.9!S",%$19!F":+$,8 T!F$#.#>$"+(

Post Doctoral Proposal: 	


Metamaterials for non-linear water waves

Recently, different groups of researchers have demonstrated the feasibility of metamaterials for water waves, 
using either layered structures to built effective anisotropic medium or periodic structures as photonic/
phononic crystals. However, the control of the propagation of surface waves has to be robust with respect to 
the non linearities which are inherent to such waves in the seas and oceans	



The particular metamaterial that will be studied is a variable bathymetry; the non linear effects will be 
particularly strong at the places with minimal depths and we will characterize the threshold of wave amplitude 
where the metamaterial properties are lost. Besides, another configuration owing to non linearities will be 
considered: water wave diode, allowing for non reciprocal propagation.	



!
!

The post-doc concerns experimental and theoretical study of the non linear 
propagation of water waves. !
Our  group has developed an optical technique that measures the surface 
elevation instantaneously in laboratory experiments of water waves. This 
technique  characterizes very accurately the spatio-temporal behavior of the 
surface  waves.

Public Grant from the Agence Nationale de la Recherche, !
Location: ESPCI, 10 rue Vauquelin, Paris, France

Contacts: !
Agnès Maurel, ILA/ESPCI, Paris,              agnes.maurel@espci.fr !
Philippe Petitjeans, PMMH/ESPCI, Paris,  phil@pmmh.espci.fr !
Vincent Pagneux, LAUM, Le Mans,            vincent.pagneux@univ"lemans.fr

Spatio-temporal evolution !
of non linear water waves

Experiments 2014-11-27. Wall at the end of the channel. Space Time.
L = Distance between step and wall. f = 2.0 Hz.

L = 30 cm L = 40 cm

L = 50 cm L = 55 cm

L = 60 cm L = 62.5 cm
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(a) θ = 10◦

(a) θ = 20◦

(a) θ = 30◦

FIG. 3: Real part of the measured fields of surface elevation in the reference empty waveguide without

metamaterial (top) and in the metamaterial waveguide (bottom) at frequency f = 4 Hz. Then waveguides

have a bending angle of (a) 10◦, (b) 20◦ and (c) 30◦.

attenuation is visible in both cases but it is more acute in the metamaterial waveguide and

the increase of attenuation as θ increases is clear. For θ = 30◦, the amplitude of the waves

has almost vanished at the waveguide outlet. Interestingly enough, we note that this makes

the bent metamaterial waveguide a good candidate for an efficient ‘’absorbing beach”, since

it behaves as a Perfectly Matched Layer. Indeed, it allows for the wave to leave the first part

of the guide without backwards reflection and the attenuation ensures no reflection coming

from the end of the bent part of the guide.

We measure the contribution of mode 0, η0(X), to the total field in reflection X < 0 and
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Post Doctoral Proposal: 
Experimental study of acoustic metamaterials for water waves

Water waves have been studied for almost two centuries and they are one of  the most popular manifestations 
of the physics of waves. They have all the fundamental complexity of the physics of waves and also have 
many practical applications, as in naval and coastal engineering. Ocean waves offer great potential because 
their energy could be an alternative to fossil energies but in addition, they represent a danger because they 
can produce catastrophic damage.
Very recently, different groups of researchers have demonstrated that a set of  scatterers is able to  produce 
phenomena similar to those observed in physics of  solids. For instance, it has been shown that a periodic set 
of cylindrical scatterers (a crystal of cylinders) is able to focus water waves. Thus, it appears to be possible to 
design metamaterials for water waves, i.e. synthetic configurations of obstacles that can control the 
propagation of surface waves. 

The subject of the post doc project is the experimental and theoretical study of 
the  effective propagation of water waves through a set of immersed scatterers 
(either periodic system as for the acoustic lens or layered structure for cloacking 
system). Our  group has developped an optical technique that measures the 
surface elevation instantaneously in laboratory experiments of water waves. This 
technique  characterises very accurately the spatio temporal behaviour of the 
surface  waves.

Public Grant from the Agence Nationale de la Recherche, 
Location: ESPCI, 10 rue Vauquelin, Paris, France

Contacts: 
Agnès Maurel, LOA/ESPCI, Paris,              agnes.maurel@espci.fr 
Philippe Petitjeans, PMMH/ESPCI, Paris,  phil@pmmh.espci.fr 
Vincent Pagneux, LAUM, Le Mans,            vincent.pagneux@univ"lemans.fr

see also the websites of the ANR project :
https://blog.espci.fr/procomedia/accueil/

Acoustic lens

Cloacking

jeudi 24 janvier 2013

(a) θ = 10◦

(a) θ = 20◦

(a) θ = 30◦

FIG. 3: Real part of the measured fields of surface elevation in the reference empty waveguide without

metamaterial (top) and in the metamaterial waveguide (bottom) at frequency f = 4 Hz. Then waveguides

have a bending angle of (a) 10◦, (b) 20◦ and (c) 30◦.

attenuation is visible in both cases but it is more acute in the metamaterial waveguide and

the increase of attenuation as θ increases is clear. For θ = 30◦, the amplitude of the waves

has almost vanished at the waveguide outlet. Interestingly enough, we note that this makes

the bent metamaterial waveguide a good candidate for an efficient ‘’absorbing beach”, since

it behaves as a Perfectly Matched Layer. Indeed, it allows for the wave to leave the first part

of the guide without backwards reflection and the attenuation ensures no reflection coming

from the end of the bent part of the guide.

We measure the contribution of mode 0, η0(X), to the total field in reflection X < 0 and
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Post Doctoral Proposal: 
Experimental study of acoustic metamaterials for water waves

Water waves have been studied for almost two centuries and they are one of  the most popular manifestations 
of the physics of waves. They have all the fundamental complexity of the physics of waves and also have 
many practical applications, as in naval and coastal engineering. Ocean waves offer great potential because 
their energy could be an alternative to fossil energies but in addition, they represent a danger because they 
can produce catastrophic damage.
Very recently, different groups of researchers have demonstrated that a set of  scatterers is able to  produce 
phenomena similar to those observed in physics of  solids. For instance, it has been shown that a periodic set 
of cylindrical scatterers (a crystal of cylinders) is able to focus water waves. Thus, it appears to be possible to 
design metamaterials for water waves, i.e. synthetic configurations of obstacles that can control the 
propagation of surface waves. 

The subject of the post doc project is the experimental and theoretical study of 
the  effective propagation of water waves through a set of immersed scatterers 
(either periodic system as for the acoustic lens or layered structure for cloacking 
system). Our  group has developped an optical technique that measures the 
surface elevation instantaneously in laboratory experiments of water waves. This 
technique  characterises very accurately the spatio temporal behaviour of the 
surface  waves.

Public Grant from the Agence Nationale de la Recherche, 
Location: ESPCI, 10 rue Vauquelin, Paris, France

Contacts: 
Agnès Maurel, LOA/ESPCI, Paris,              agnes.maurel@espci.fr 
Philippe Petitjeans, PMMH/ESPCI, Paris,  phil@pmmh.espci.fr 
Vincent Pagneux, LAUM, Le Mans,            vincent.pagneux@univ"lemans.fr

see also the websites of the ANR project :
https://blog.espci.fr/procomedia/accueil/
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Post Doctoral Proposal: 
Experimental study of metamaterials for water waves

Recently, different groups of researchers have demonstrated the feasibility of metamaterial for water waves, 
using either layered structures to built effective anisotropic medium or periodic structures as photonic/phononic 
crystals. However, the control of the propagation of surface waves has to be robust with respect to non 
linearities which are inherent to such waves in the seas and oceans. 

The particular metamaterial that will be studied is a variable bathymetry in shallow water; non linear effects will 
be particular strong at places with minimal depths and we will characterize the threshold of wave amplitude 
where the metamaterial properties are lost.  Besides, another configuration owing to  non linearities will be 
considered: water wave diode, allowing non reciprocal propagation.

The post-doc concerns experimental and theoretical study of the non linear 
propagation of water waves. 
Our  group has developed an optical technique that measures the surface 
elevation instantaneously in laboratory experiments of water waves. This 
technique  characterizes very accurately the spatio-temporal behavior of the 
surface  waves.
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