
Dans un fluide newtonien, avec écoulement macroscopique

r.� = �rp+ ⌘�u
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

viscosité cinématique 
<latexit sha1_base64="NB6s5S7LHakv/gxR+MHvRj5KJLM=">AAAB9HicbVBNSwMxEM3Wr1q/qh69BIvgqe6Koheh6MVjBfsB3aVk09k2NJusSbZQlv4OLx4U8eqP8ea/MW33oK0PBh7vzTAzL0w408Z1v53Cyura+kZxs7S1vbO7V94/aGqZKgoNKrlU7ZBo4ExAwzDDoZ0oIHHIoRUO76Z+awRKMykezTiBICZ9wSJGibFS4Iv0xgdDznw1kN1yxa26M+Bl4uWkgnLUu+UvvydpGoMwlBOtO56bmCAjyjDKYVLyUw0JoUPSh46lgsSgg2x29ASfWKWHI6lsCYNn6u+JjMRaj+PQdsbEDPSiNxX/8zqpia6DjIkkNSDofFGUcmwkniaAe0wBNXxsCaGK2VsxHRBFqLE5lWwI3uLLy6R5XvUuq+7DRaV2m8dRREfoGJ0iD12hGrpHddRAFD2hZ/SK3pyR8+K8Ox/z1oKTzxyiP3A+fwB3G5Hm</latexit>

⌫ = ⌘/⇢

<latexit sha1_base64="/3qqAl8tnxgy2z0BQLmFsosSM3o="></latexit>

⇢

✓
@u

@t
+ (u.r)u

◆
= ⇢f +r.�

Équation de Navier-Stokes
<latexit sha1_base64="8kIgQy9aGO5qYjfZ/Qf7oBqR74w="></latexit>

⇢
@u

@t
+ ⇢(u.r)u = �rp+ ⌘�u+ ⇢f

<latexit sha1_base64="V2/H6pRSyfQ/l4aQQbT9NOsZksY="></latexit>

@u

@t
+ (u.r)u = �1

⇢
rp+ ⌫�u+ f



@ux
@t + ux

@ux
@x + uy

@ux
@y + uz

@ux
@z = � 1

⇢
@p
@x + ⌫

⇣
@2ux
@x2 + @2ux

@y2 + @2ux
@z2

⌘
+ fx

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

@uy

@t + ux
@uy

@x + uy
@uy

@y + uz
@uy

@z = � 1
⇢
@p
@y + ⌫

⇣
@2uy

@x2 + @2uy

@y2 + @2uy

@z2

⌘
+ fy

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

@uz
@t + ux

@uz
@x + uy

@uz
@y + uz

@uz
@z = � 1

⇢
@p
@z + ⌫

⇣
@2uz
@x2 + @2uz

@y2 + @2uz
@z2

⌘
+ fz

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

L’équation de Navier-Stokes dans toute sa splendeur (horreur ?)

Comment la simplifier ?



Une analyse dimensionnelle de l’équation de Navier-Stokes

u ⇠ U
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

r ⇠ 1/L
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

� ⇠ 1/L2
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Échelle de longueur 
pertinente qui caractérise la 
variation spatiale de vitesse

⇢ u.ru ⇠ ⇢ U2

L
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Terme inertiel

⌘ �u ⇠ ⌘ U
L2

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Terme visqueux

⇢u.ru

⌘�u
⇠ ⇢UL

⌘
=

UL

⌫
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

<latexit sha1_base64="8kIgQy9aGO5qYjfZ/Qf7oBqR74w="></latexit>

⇢
@u

@t
+ ⇢(u.r)u = �rp+ ⌘�u+ ⇢f

Nombre de Reynolds



Quelles conditions aux limites pour le champ de vitesse ?

Interface fluide/solide : 
condition de non glissement à la paroi solide

Interface entre deux fluides non miscibles : 
continuité des vitesses
continuité des contraintes



La tension de surface et la pression capillaire



attraction

attractions manquantesa b c
Interfaces

 mesure ce défaut d’énergie par unité de surface �
<latexit sha1_base64="eP4jT+9BKgJGCMRySsy7PTRbLqY="></latexit><latexit sha1_base64="eP4jT+9BKgJGCMRySsy7PTRbLqY="></latexit><latexit sha1_base64="eP4jT+9BKgJGCMRySsy7PTRbLqY="></latexit><latexit sha1_base64="eP4jT+9BKgJGCMRySsy7PTRbLqY="></latexit>

 énergie d’interaction entre deux moléculesu
<latexit sha1_base64="L7nl8u6MVvmD/9Houy7uukm4RDU="></latexit><latexit sha1_base64="L7nl8u6MVvmD/9Houy7uukm4RDU="></latexit><latexit sha1_base64="L7nl8u6MVvmD/9Houy7uukm4RDU="></latexit><latexit sha1_base64="L7nl8u6MVvmD/9Houy7uukm4RDU="></latexit>

a
<latexit sha1_base64="pTAPomGwHJ6f/p20S9ROkbfRg4E=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexGjXoLePGYgHlAsoTZSW8yZvbBzKwQlnyBFw+KePWTvPk3TpIVomhBQ1HVTXeXFwuutG1/WrmV1bX1jfxmYWt7Z3evuH/QUlEiGTZZJCLZ8ahCwUNsaq4FdmKJNPAEtr3xzcxvP6BUPArv9CRGN6DDkPucUW2kBu0XS3bZnoMskQvbua46xMmUEmSo94sfvUHEkgBDzQRVquvYsXZTKjVnAqeFXqIwpmxMh9g1NKQBKjedHzolJ0YZED+SpkJN5uryREoDpSaBZzoDqkfqtzcT//K6ifav3JSHcaIxZItFfiKIjsjsazLgEpkWE0Mok9zcStiISsq0yaZgQvj+lPxPWpWyc1auNM5LtWoWRx6O4BhOwYFLqMEt1KEJDBAe4RlerHvryXq13hatOSubOYQfsN6/AOAdjPM=</latexit>

u
<latexit sha1_base64="6FdN8hZDP727U3AcTv3ielj1h94=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexGjXoLePGYgHlAsoTZSW8yZvbBzKwQlnyBFw+KePWTvPk3TpIVomhBQ1HVTXeXFwuutG1/WrmV1bX1jfxmYWt7Z3evuH/QUlEiGTZZJCLZ8ahCwUNsaq4FdmKJNPAEtr3xzcxvP6BUPArv9CRGN6DDkPucUW2kRtIvluyyPQdZIhe2c111iJMpJchQ7xc/eoOIJQGGmgmqVNexY+2mVGrOBE4LvURhTNmYDrFraEgDVG46P3RKTowyIH4kTYWazNXliZQGSk0Cz3QGVI/Ub28m/uV1E+1fuSkP40RjyBaL/EQQHZHZ12TAJTItJoZQJrm5lbARlZRpk03BhPD9KfmftCpl56xcaZyXatUsjjwcwTGcggOXUINbqEMTGCA8wjO8WPfWk/VqvS1ac1Y2cwg/YL1/Af5tjQc=</latexit>

S
<latexit sha1_base64="tC67CFblCmdGQu/W45gOGU3URQE=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexGjXoLePGYoDGBZAmzk95kzOyDmVkhLPkCLx4U8eonefNvnCQrRNGChqKqm+4uLxZcadv+tHJLyyura/n1wsbm1vZOcXfvTkWJZNhkkYhk26MKBQ+xqbkW2I4l0sAT2PJGV1O/9YBS8Si81eMY3YAOQu5zRrWRGje9Ysku2zOQBXJmO5dVhziZUoIM9V7xo9uPWBJgqJmgSnUcO9ZuSqXmTOCk0E0UxpSN6AA7hoY0QOWms0Mn5MgofeJH0lSoyUxdnEhpoNQ48ExnQPVQ/fam4l9eJ9H+hZvyME40hmy+yE8E0RGZfk36XCLTYmwIZZKbWwkbUkmZNtkUTAjfn5L/yV2l7JyUK43TUq2axZGHAziEY3DgHGpwDXVoAgOER3iGF+veerJerbd5a87KZvbhB6z3L8rljOU=</latexit>

 Coût énergétique pour créer      :S
<latexit sha1_base64="DFSU5/L7qXtmg+U+3gZRnRaEoc4="></latexit><latexit sha1_base64="DFSU5/L7qXtmg+U+3gZRnRaEoc4="></latexit><latexit sha1_base64="DFSU5/L7qXtmg+U+3gZRnRaEoc4="></latexit><latexit sha1_base64="DFSU5/L7qXtmg+U+3gZRnRaEoc4="></latexit>

� ⇠ u

a2
<latexit sha1_base64="Frw97pjvuaJKBgzi1oW4QBVON18="></latexit><latexit sha1_base64="Frw97pjvuaJKBgzi1oW4QBVON18="></latexit><latexit sha1_base64="Frw97pjvuaJKBgzi1oW4QBVON18="></latexit><latexit sha1_base64="Frw97pjvuaJKBgzi1oW4QBVON18="></latexit>

⇠ kT

a2
<latexit sha1_base64="q051dVd2Ib5XAqFqlVc1xZXVC40="></latexit><latexit sha1_base64="q051dVd2Ib5XAqFqlVc1xZXVC40="></latexit><latexit sha1_base64="q051dVd2Ib5XAqFqlVc1xZXVC40="></latexit><latexit sha1_base64="q051dVd2Ib5XAqFqlVc1xZXVC40="></latexit>

u ⇠ 2� 3 kT ⇠ 10�20J
<latexit sha1_base64="HL4yEzyjmQShH2jE5gphdTw7ycs=">AAACDHicdVDLSsNAFJ3UV62vqks3g0VwYUuSatVdwY24qtCH0MQymU7aoTNJmJkIJfQD3Pgrblwo4tYPcOffOGkjVNEDA4dzzmXuPV7EqFSm+WnkFhaXllfyq4W19Y3NreL2TluGscCkhUMWihsPScJoQFqKKkZuIkEQ9xjpeKOL1O/cESFpGDTVOCIuR4OA+hQjpaVesRQ7knK7XHWORs2UQsu8Tcq2OXE4UkPBk6uJTpkVcwo4R05M67xmQStTSiBDo1f8cPohjjkJFGZIyq5lRspNkFAUMzIpOLEkEcIjNCBdTQPEiXST6TETeKCVPvRDoV+g4FSdn0gQl3LMPZ1MN5S/vVT8y+vGyj9zExpEsSIBnn3kxwyqEKbNwD4VBCs21gRhQfWuEA+RQFjp/gq6hO9L4f+kbVesasW+Pi7Va1kdebAH9sEhsMApqINL0AAtgME9eATP4MV4MJ6MV+NtFs0Z2cwu+AHj/QviHpo8</latexit>

a ⇠ 0.3 nm
<latexit sha1_base64="nPcKDOOXd3/aUaiyrcVQ5MVOKK4=">AAAB/3icdVDLSgMxFM34rPU1KrhxEyyCCxlmWq26K7hxWcE+oDOUTJppQ5PMkGSEMnbhr7hxoYhbf8Odf2PajlBFDwQO59zLPTlhwqjSrvtpLSwuLa+sFtaK6xubW9v2zm5TxanEpIFjFst2iBRhVJCGppqRdiIJ4iEjrXB4NfFbd0QqGotbPUpIwFFf0IhipI3UtfeRryiHrlPxT3yO9EDyTPBx1y65jjsFnCNnrndZ9aCXKyWQo961P/xejFNOhMYMKdXx3EQHGZKaYkbGRT9VJEF4iPqkY6hAnKggm+YfwyOj9GAUS/OEhlN1fiNDXKkRD83kJKL67U3Ev7xOqqOLIKMiSTUReHYoShnUMZyUAXtUEqzZyBCEJTVZIR4gibA2lRVNCd8/hf+TZtnxKk755rRUq+Z1FMABOATHwAPnoAauQR00AAb34BE8gxfrwXqyXq232eiCle/sgR+w3r8ALnCVjA==</latexit>

� ⇠ 100mJ/m2
<latexit sha1_base64="rII7qFMzIcrhpYUSz7U4A/PYZ+E=">AAACCHicdVBNSwMxEM3Wr1q/Vj16MFgED1KzVaveCl7EUwVbC921ZNO0DU12lyQrlKVHL/4VLx4U8epP8Oa/MduuUEUfDDzem2Fmnh9xpjRCn1ZuZnZufiG/WFhaXllds9c3GiqMJaF1EvJQNn2sKGcBrWumOW1GkmLhc3rjD85T/+aOSsXC4FoPI+oJ3AtYlxGsjdS2t90eFgK7ignoIOTuuwLrvhSJuDwQo9ty2y6iEhoDTpFj5JxVHOhkShFkqLXtD7cTkljQQBOOlWo5KNJegqVmhNNRwY0VjTAZ4B5tGRpgQZWXjB8ZwV2jdGA3lKYCDcfq9ESChVJD4ZvO9Ez120vFv7xWrLunXsKCKNY0IJNF3ZhDHcI0FdhhkhLNh4ZgIpm5FZI+lphok13BhPD9KfyfNMol57BUvjoqVitZHHmwBXbAHnDACaiCC1ADdUDAPXgEz+DFerCerFfrbdKas7KZTfAD1vsXavGY7A==</latexit>

ou mN/m
<latexit sha1_base64="+ymcJB9/EaK8qqE7M8ZbXeOlQ4E="></latexit><latexit sha1_base64="+ymcJB9/EaK8qqE7M8ZbXeOlQ4E="></latexit><latexit sha1_base64="+ymcJB9/EaK8qqE7M8ZbXeOlQ4E="></latexit><latexit sha1_base64="+ymcJB9/EaK8qqE7M8ZbXeOlQ4E="></latexit>

�eau = 72 mN/m
<latexit sha1_base64="ogzXzMxGykFEU/UV5kYSbC/nWxU="></latexit><latexit sha1_base64="ogzXzMxGykFEU/UV5kYSbC/nWxU="></latexit><latexit sha1_base64="ogzXzMxGykFEU/UV5kYSbC/nWxU="></latexit><latexit sha1_base64="ogzXzMxGykFEU/UV5kYSbC/nWxU="></latexit>

�huile ' 20 mN/m
<latexit sha1_base64="H53ovP728Zck+0k+a55HiUOneU8="></latexit><latexit sha1_base64="H53ovP728Zck+0k+a55HiUOneU8="></latexit><latexit sha1_base64="H53ovP728Zck+0k+a55HiUOneU8="></latexit><latexit sha1_base64="H53ovP728Zck+0k+a55HiUOneU8="></latexit>

Us ⇠
S

a2
u = �S

<latexit sha1_base64="gqG7tSyT7mcWt1POX6KN/YdMRJU="></latexit><latexit sha1_base64="gqG7tSyT7mcWt1POX6KN/YdMRJU="></latexit><latexit sha1_base64="gqG7tSyT7mcWt1POX6KN/YdMRJU="></latexit><latexit sha1_base64="gqG7tSyT7mcWt1POX6KN/YdMRJU="></latexit>



Hergé “On a marché sur la lune”

Scott Kelly www.nasa.gov/station

La sphère est l’objet qui minimise 
sa surface à volume fixé

US = �S
<latexit sha1_base64="p+HhS+3qCl52OEQ5mptXLEkVds4="></latexit><latexit sha1_base64="p+HhS+3qCl52OEQ5mptXLEkVds4="></latexit><latexit sha1_base64="p+HhS+3qCl52OEQ5mptXLEkVds4="></latexit><latexit sha1_base64="p+HhS+3qCl52OEQ5mptXLEkVds4="></latexit>



 Une goutte gonflée On applique une surpression       par rapport à P
<latexit sha1_base64="cIKMC+1kNU1MbVKY2akIqXP1NX0="></latexit><latexit sha1_base64="cIKMC+1kNU1MbVKY2akIqXP1NX0="></latexit><latexit sha1_base64="cIKMC+1kNU1MbVKY2akIqXP1NX0="></latexit><latexit sha1_base64="cIKMC+1kNU1MbVKY2akIqXP1NX0="></latexit>

Patm
<latexit sha1_base64="+ZAEA3asnIWnXpn4UU8qpWMUY5s="></latexit><latexit sha1_base64="+ZAEA3asnIWnXpn4UU8qpWMUY5s="></latexit><latexit sha1_base64="+ZAEA3asnIWnXpn4UU8qpWMUY5s="></latexit><latexit sha1_base64="+ZAEA3asnIWnXpn4UU8qpWMUY5s="></latexit>

dV = d(
4

3
⇡R3) = 4⇡R2 dR

<latexit sha1_base64="uCXIAiz1EXYeDybHSLzzLRCU6Tc="></latexit><latexit sha1_base64="uCXIAiz1EXYeDybHSLzzLRCU6Tc="></latexit><latexit sha1_base64="uCXIAiz1EXYeDybHSLzzLRCU6Tc="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="RrSvGuuL01x4ISPPVKjmJuwqn2g="></latexit><latexit sha1_base64="RrSvGuuL01x4ISPPVKjmJuwqn2g="></latexit><latexit sha1_base64="8Bnewo4pHdI4ZIA09+ASoclBKT8="></latexit><latexit sha1_base64="uCXIAiz1EXYeDybHSLzzLRCU6Tc="></latexit><latexit sha1_base64="uCXIAiz1EXYeDybHSLzzLRCU6Tc="></latexit><latexit sha1_base64="uCXIAiz1EXYeDybHSLzzLRCU6Tc="></latexit><latexit sha1_base64="uCXIAiz1EXYeDybHSLzzLRCU6Tc="></latexit><latexit sha1_base64="uCXIAiz1EXYeDybHSLzzLRCU6Tc="></latexit><latexit sha1_base64="uCXIAiz1EXYeDybHSLzzLRCU6Tc="></latexit>

dV
<latexit sha1_base64="jSm73pEBV1RkvwZDapaV+uMDVlg="></latexit><latexit sha1_base64="jSm73pEBV1RkvwZDapaV+uMDVlg="></latexit><latexit sha1_base64="jSm73pEBV1RkvwZDapaV+uMDVlg="></latexit>

P
<latexit sha1_base64="cIKMC+1kNU1MbVKY2akIqXP1NX0="></latexit><latexit sha1_base64="cIKMC+1kNU1MbVKY2akIqXP1NX0="></latexit><latexit sha1_base64="cIKMC+1kNU1MbVKY2akIqXP1NX0="></latexit><latexit sha1_base64="cIKMC+1kNU1MbVKY2akIqXP1NX0="></latexit>

Patm
<latexit sha1_base64="+ZAEA3asnIWnXpn4UU8qpWMUY5s="></latexit><latexit sha1_base64="+ZAEA3asnIWnXpn4UU8qpWMUY5s="></latexit><latexit sha1_base64="+ZAEA3asnIWnXpn4UU8qpWMUY5s="></latexit><latexit sha1_base64="+ZAEA3asnIWnXpn4UU8qpWMUY5s="></latexit>

dUs = d(4⇡R2�) = 8⇡R� dR
<latexit sha1_base64="GnluY+MoGeqQeHjj2lNN+wFeLsM="></latexit><latexit sha1_base64="GnluY+MoGeqQeHjj2lNN+wFeLsM="></latexit><latexit sha1_base64="GnluY+MoGeqQeHjj2lNN+wFeLsM="></latexit><latexit sha1_base64="GnluY+MoGeqQeHjj2lNN+wFeLsM="></latexit>

dWpiston = P dV
<latexit sha1_base64="DIwyuj0iJ9y3jiTXTrPttOsFq0A="></latexit><latexit sha1_base64="DIwyuj0iJ9y3jiTXTrPttOsFq0A="></latexit><latexit sha1_base64="DIwyuj0iJ9y3jiTXTrPttOsFq0A="></latexit><latexit sha1_base64="DIwyuj0iJ9y3jiTXTrPttOsFq0A="></latexit>

(P � Patm) 4⇡R2 dR = 8⇡R� dR
<latexit sha1_base64="QPSV3AwVeLsR1g5fOuWr89zEmdU="></latexit><latexit sha1_base64="QPSV3AwVeLsR1g5fOuWr89zEmdU="></latexit><latexit sha1_base64="QPSV3AwVeLsR1g5fOuWr89zEmdU="></latexit><latexit sha1_base64="QPSV3AwVeLsR1g5fOuWr89zEmdU="></latexit>

P � Patm =
2�

R
<latexit sha1_base64="OYXXXOXL2bzpFU0d9JOW645Q8iY="></latexit><latexit sha1_base64="OYXXXOXL2bzpFU0d9JOW645Q8iY="></latexit><latexit sha1_base64="OYXXXOXL2bzpFU0d9JOW645Q8iY="></latexit><latexit sha1_base64="OYXXXOXL2bzpFU0d9JOW645Q8iY="></latexit>

dWatm = �Patm dV
<latexit sha1_base64="Ib8uHEfWRhIqkFu7l0cBKXa4eBA="></latexit><latexit sha1_base64="Ib8uHEfWRhIqkFu7l0cBKXa4eBA="></latexit><latexit sha1_base64="Ib8uHEfWRhIqkFu7l0cBKXa4eBA="></latexit><latexit sha1_base64="Ib8uHEfWRhIqkFu7l0cBKXa4eBA="></latexit>

Travail reçu par la goutte : 

dW = dWpiston + dWatm = (P � Patm) dV
<latexit sha1_base64="lHk/0wTM2v5OFqEM2lrhHUuDyQo="></latexit><latexit sha1_base64="lHk/0wTM2v5OFqEM2lrhHUuDyQo="></latexit><latexit sha1_base64="lHk/0wTM2v5OFqEM2lrhHUuDyQo="></latexit><latexit sha1_base64="lHk/0wTM2v5OFqEM2lrhHUuDyQo="></latexit>

dU = dUs = dW
<latexit sha1_base64="h5RujxoEhR1bsikVSPjj8GX5vto="></latexit><latexit sha1_base64="h5RujxoEhR1bsikVSPjj8GX5vto="></latexit><latexit sha1_base64="h5RujxoEhR1bsikVSPjj8GX5vto="></latexit><latexit sha1_base64="h5RujxoEhR1bsikVSPjj8GX5vto="></latexit>

R
<latexit sha1_base64="suujmYitrWI0155MhXUeMTEQ3X4="></latexit><latexit sha1_base64="suujmYitrWI0155MhXUeMTEQ3X4="></latexit><latexit sha1_base64="suujmYitrWI0155MhXUeMTEQ3X4="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="BvGkbpOT5oC9TWcZxoaMWm/A420="></latexit><latexit sha1_base64="BvGkbpOT5oC9TWcZxoaMWm/A420="></latexit><latexit sha1_base64="RMjfbgq7uCxYL8QaaoQ0078oL+s="></latexit><latexit sha1_base64="suujmYitrWI0155MhXUeMTEQ3X4="></latexit><latexit sha1_base64="suujmYitrWI0155MhXUeMTEQ3X4="></latexit><latexit sha1_base64="suujmYitrWI0155MhXUeMTEQ3X4="></latexit><latexit sha1_base64="suujmYitrWI0155MhXUeMTEQ3X4="></latexit><latexit sha1_base64="suujmYitrWI0155MhXUeMTEQ3X4="></latexit><latexit sha1_base64="suujmYitrWI0155MhXUeMTEQ3X4="></latexit>





D.Quéré, C. Clanet, M. Fermigier

Pin � Patm =
4�

R
<latexit sha1_base64="H89ZldEoHVNV7WqWB/2OFzyZTRo="></latexit><latexit sha1_base64="H89ZldEoHVNV7WqWB/2OFzyZTRo="></latexit><latexit sha1_base64="H89ZldEoHVNV7WqWB/2OFzyZTRo="></latexit><latexit sha1_base64="H89ZldEoHVNV7WqWB/2OFzyZTRo="></latexit>



dV = 2⇡RH dR
<latexit sha1_base64="wb1UHw7FQXZXR86C+VOGo6q+ucY="></latexit><latexit sha1_base64="wb1UHw7FQXZXR86C+VOGo6q+ucY="></latexit><latexit sha1_base64="wb1UHw7FQXZXR86C+VOGo6q+ucY="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="Q0qEwWSRUohR5PkA+Ti49ESCaUo="></latexit><latexit sha1_base64="Q0qEwWSRUohR5PkA+Ti49ESCaUo="></latexit><latexit sha1_base64="y/TxH7ndftGoYS9+O/CsWDRfgCM="></latexit><latexit sha1_base64="wb1UHw7FQXZXR86C+VOGo6q+ucY="></latexit><latexit sha1_base64="wb1UHw7FQXZXR86C+VOGo6q+ucY="></latexit><latexit sha1_base64="wb1UHw7FQXZXR86C+VOGo6q+ucY="></latexit><latexit sha1_base64="wb1UHw7FQXZXR86C+VOGo6q+ucY="></latexit><latexit sha1_base64="wb1UHw7FQXZXR86C+VOGo6q+ucY="></latexit><latexit sha1_base64="wb1UHw7FQXZXR86C+VOGo6q+ucY="></latexit>

Us = � 2⇡H dR
<latexit sha1_base64="qP6+/JWcU4su+IVf/OoEKQeqlVs="></latexit><latexit sha1_base64="qP6+/JWcU4su+IVf/OoEKQeqlVs="></latexit><latexit sha1_base64="qP6+/JWcU4su+IVf/OoEKQeqlVs="></latexit><latexit sha1_base64="qP6+/JWcU4su+IVf/OoEKQeqlVs="></latexit>

(P � Patm) 2⇡RH dR = 2⇡H� dR
<latexit sha1_base64="Fqph9rjOUT9jzfhrsoUB2S/JAC4="></latexit><latexit sha1_base64="Fqph9rjOUT9jzfhrsoUB2S/JAC4="></latexit><latexit sha1_base64="Fqph9rjOUT9jzfhrsoUB2S/JAC4="></latexit><latexit sha1_base64="Fqph9rjOUT9jzfhrsoUB2S/JAC4="></latexit>

R
<latexit sha1_base64="suujmYitrWI0155MhXUeMTEQ3X4="></latexit><latexit sha1_base64="suujmYitrWI0155MhXUeMTEQ3X4="></latexit><latexit sha1_base64="suujmYitrWI0155MhXUeMTEQ3X4="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="BvGkbpOT5oC9TWcZxoaMWm/A420="></latexit><latexit sha1_base64="BvGkbpOT5oC9TWcZxoaMWm/A420="></latexit><latexit sha1_base64="RMjfbgq7uCxYL8QaaoQ0078oL+s="></latexit><latexit sha1_base64="suujmYitrWI0155MhXUeMTEQ3X4="></latexit><latexit sha1_base64="suujmYitrWI0155MhXUeMTEQ3X4="></latexit><latexit sha1_base64="suujmYitrWI0155MhXUeMTEQ3X4="></latexit><latexit sha1_base64="suujmYitrWI0155MhXUeMTEQ3X4="></latexit><latexit sha1_base64="suujmYitrWI0155MhXUeMTEQ3X4="></latexit><latexit sha1_base64="suujmYitrWI0155MhXUeMTEQ3X4="></latexit>

dR
<latexit sha1_base64="zyvNcw5vk2DgBxpoeMRodEtk2qc="></latexit><latexit sha1_base64="zyvNcw5vk2DgBxpoeMRodEtk2qc="></latexit><latexit sha1_base64="zyvNcw5vk2DgBxpoeMRodEtk2qc="></latexit><latexit sha1_base64="zyvNcw5vk2DgBxpoeMRodEtk2qc="></latexit>

P � Patm =
�

R
<latexit sha1_base64="DEPByOFUb/9d8SB8pC3qZubTQeE="></latexit><latexit sha1_base64="DEPByOFUb/9d8SB8pC3qZubTQeE="></latexit><latexit sha1_base64="DEPByOFUb/9d8SB8pC3qZubTQeE="></latexit><latexit sha1_base64="DEPByOFUb/9d8SB8pC3qZubTQeE="></latexit>

�P = �(
1

R1
+

1

R2
) = �C

<latexit sha1_base64="XYdEEtqTGYRPWz0n53UphXfa7Lw="></latexit><latexit sha1_base64="XYdEEtqTGYRPWz0n53UphXfa7Lw="></latexit><latexit sha1_base64="XYdEEtqTGYRPWz0n53UphXfa7Lw="></latexit><latexit sha1_base64="XYdEEtqTGYRPWz0n53UphXfa7Lw="></latexit>

Dans le cas général : Saut de pression 
de Laplace

R1 > 0

R2 < 0
<latexit sha1_base64="VvyXJ+pmT18aYAN4mR++PvJXjbo="></latexit><latexit sha1_base64="VvyXJ+pmT18aYAN4mR++PvJXjbo="></latexit><latexit sha1_base64="VvyXJ+pmT18aYAN4mR++PvJXjbo="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="5Glk2AYDXpzXRL4d20IzE1LeOMw="></latexit><latexit sha1_base64="5Glk2AYDXpzXRL4d20IzE1LeOMw="></latexit><latexit sha1_base64="EY1P3HXxezwHzODTayepYezFOLg="></latexit><latexit sha1_base64="VvyXJ+pmT18aYAN4mR++PvJXjbo="></latexit><latexit sha1_base64="VvyXJ+pmT18aYAN4mR++PvJXjbo="></latexit><latexit sha1_base64="VvyXJ+pmT18aYAN4mR++PvJXjbo="></latexit><latexit sha1_base64="VvyXJ+pmT18aYAN4mR++PvJXjbo="></latexit><latexit sha1_base64="VvyXJ+pmT18aYAN4mR++PvJXjbo="></latexit><latexit sha1_base64="VvyXJ+pmT18aYAN4mR++PvJXjbo="></latexit>R2

<latexit sha1_base64="DPmZgytvieYf3b5aAogdK3SAz+M="></latexit><latexit sha1_base64="DPmZgytvieYf3b5aAogdK3SAz+M="></latexit><latexit sha1_base64="DPmZgytvieYf3b5aAogdK3SAz+M="></latexit><latexit sha1_base64="DPmZgytvieYf3b5aAogdK3SAz+M="></latexit>

R1
<latexit sha1_base64="LUORtFJ8rOzouCQlySJu848dVr0="></latexit><latexit sha1_base64="LUORtFJ8rOzouCQlySJu848dVr0="></latexit><latexit sha1_base64="LUORtFJ8rOzouCQlySJu848dVr0="></latexit><latexit sha1_base64="LUORtFJ8rOzouCQlySJu848dVr0="></latexit>

R1
<latexit sha1_base64="LUORtFJ8rOzouCQlySJu848dVr0="></latexit><latexit sha1_base64="LUORtFJ8rOzouCQlySJu848dVr0="></latexit><latexit sha1_base64="LUORtFJ8rOzouCQlySJu848dVr0="></latexit><latexit sha1_base64="LUORtFJ8rOzouCQlySJu848dVr0="></latexit>

R2
<latexit sha1_base64="DPmZgytvieYf3b5aAogdK3SAz+M="></latexit><latexit sha1_base64="DPmZgytvieYf3b5aAogdK3SAz+M="></latexit><latexit sha1_base64="DPmZgytvieYf3b5aAogdK3SAz+M="></latexit><latexit sha1_base64="DPmZgytvieYf3b5aAogdK3SAz+M="></latexit>

R1 = R2 = R
<latexit sha1_base64="CkEgZMGmgN1ojXLbSziAgPrb7JM="></latexit><latexit sha1_base64="CkEgZMGmgN1ojXLbSziAgPrb7JM="></latexit><latexit sha1_base64="CkEgZMGmgN1ojXLbSziAgPrb7JM="></latexit><latexit sha1_base64="CkEgZMGmgN1ojXLbSziAgPrb7JM="></latexit>





Pfilm � Patm =
2�

R
<latexit sha1_base64="GYko5FFV/X8FSWSAO0IUc/fWOmY="></latexit><latexit sha1_base64="GYko5FFV/X8FSWSAO0IUc/fWOmY="></latexit><latexit sha1_base64="GYko5FFV/X8FSWSAO0IUc/fWOmY="></latexit><latexit sha1_base64="GYko5FFV/X8FSWSAO0IUc/fWOmY="></latexit>

Pin � Pfilm =
2�

R
<latexit sha1_base64="pJ9TvNrXmCZUgNoYzCwhbTJNXr4="></latexit><latexit sha1_base64="pJ9TvNrXmCZUgNoYzCwhbTJNXr4="></latexit><latexit sha1_base64="pJ9TvNrXmCZUgNoYzCwhbTJNXr4="></latexit><latexit sha1_base64="pJ9TvNrXmCZUgNoYzCwhbTJNXr4="></latexit>

Pin � Patm =
4�

R
<latexit sha1_base64="H89ZldEoHVNV7WqWB/2OFzyZTRo="></latexit><latexit sha1_base64="H89ZldEoHVNV7WqWB/2OFzyZTRo="></latexit><latexit sha1_base64="H89ZldEoHVNV7WqWB/2OFzyZTRo="></latexit><latexit sha1_base64="H89ZldEoHVNV7WqWB/2OFzyZTRo="></latexit>

Patm
<latexit sha1_base64="+ZAEA3asnIWnXpn4UU8qpWMUY5s="></latexit><latexit sha1_base64="+ZAEA3asnIWnXpn4UU8qpWMUY5s="></latexit><latexit sha1_base64="+ZAEA3asnIWnXpn4UU8qpWMUY5s="></latexit><latexit sha1_base64="+ZAEA3asnIWnXpn4UU8qpWMUY5s="></latexit>

Pin
<latexit sha1_base64="iLFMBr6fHTMF1gMWBhVl1731kKg="></latexit><latexit sha1_base64="iLFMBr6fHTMF1gMWBhVl1731kKg="></latexit><latexit sha1_base64="iLFMBr6fHTMF1gMWBhVl1731kKg="></latexit><latexit sha1_base64="iLFMBr6fHTMF1gMWBhVl1731kKg="></latexit>

Pfilm
<latexit sha1_base64="7m9oNkplx1IyHWI67sVRMg6GgFw="></latexit><latexit sha1_base64="7m9oNkplx1IyHWI67sVRMg6GgFw="></latexit><latexit sha1_base64="7m9oNkplx1IyHWI67sVRMg6GgFw="></latexit><latexit sha1_base64="7m9oNkplx1IyHWI67sVRMg6GgFw="></latexit>

R
<latexit sha1_base64="pI2sk3cmQ2T1P36VUDhLaKYHq/A="></latexit><latexit sha1_base64="pI2sk3cmQ2T1P36VUDhLaKYHq/A="></latexit><latexit sha1_base64="pI2sk3cmQ2T1P36VUDhLaKYHq/A="></latexit><latexit sha1_base64="pI2sk3cmQ2T1P36VUDhLaKYHq/A="></latexit>

R1 = �R2
<latexit sha1_base64="iVLjAaNX2tuX2YEksodig0AqmCQ="></latexit><latexit sha1_base64="iVLjAaNX2tuX2YEksodig0AqmCQ="></latexit><latexit sha1_base64="iVLjAaNX2tuX2YEksodig0AqmCQ="></latexit><latexit sha1_base64="iVLjAaNX2tuX2YEksodig0AqmCQ="></latexit>

Patm
<latexit sha1_base64="+ZAEA3asnIWnXpn4UU8qpWMUY5s="></latexit><latexit sha1_base64="+ZAEA3asnIWnXpn4UU8qpWMUY5s="></latexit><latexit sha1_base64="+ZAEA3asnIWnXpn4UU8qpWMUY5s="></latexit><latexit sha1_base64="+ZAEA3asnIWnXpn4UU8qpWMUY5s="></latexit> Patm

<latexit sha1_base64="+ZAEA3asnIWnXpn4UU8qpWMUY5s="></latexit><latexit sha1_base64="+ZAEA3asnIWnXpn4UU8qpWMUY5s="></latexit><latexit sha1_base64="+ZAEA3asnIWnXpn4UU8qpWMUY5s="></latexit><latexit sha1_base64="+ZAEA3asnIWnXpn4UU8qpWMUY5s="></latexit>

R1
<latexit sha1_base64="LUORtFJ8rOzouCQlySJu848dVr0="></latexit><latexit sha1_base64="LUORtFJ8rOzouCQlySJu848dVr0="></latexit><latexit sha1_base64="LUORtFJ8rOzouCQlySJu848dVr0="></latexit><latexit sha1_base64="LUORtFJ8rOzouCQlySJu848dVr0="></latexit>

R2
<latexit sha1_base64="DPmZgytvieYf3b5aAogdK3SAz+M="></latexit><latexit sha1_base64="DPmZgytvieYf3b5aAogdK3SAz+M="></latexit><latexit sha1_base64="DPmZgytvieYf3b5aAogdK3SAz+M="></latexit><latexit sha1_base64="DPmZgytvieYf3b5aAogdK3SAz+M="></latexit>



Pression de Laplace : quelques ordres de grandeur…

Bulles de savon : R ~ 5 cm, γ ~ 35 mN/m 
 ΔP ~ 3 Pa ~ 3.10-5 atm

Bulles d’hélium (métal irradié): R ~ 10 nm, γ ~ 103 mN/m 
  ΔP ~ 2.108 Pa ~ 2000 atm

Bulles de cavitation : R ~ 0.5 µm, γ ~ 50 mN/m 
ΔP ~ 105 Pa ~ 1 atm

Bulles de champagne : R ~ 0.1 mm, γ ~ 50 mN/m 
 ΔP ~ 1000 Pa ~ 10-2 atm

Glam et al., J. Nuclear Mat. (2009) 



1.2 Surfaces sous tension

D.Quéré, C. Clanet, M. Fermigier



dUs = 2� L dx
<latexit sha1_base64="/3jUsdiui+BWyqdIDqVgnXjMA1c="></latexit><latexit sha1_base64="/3jUsdiui+BWyqdIDqVgnXjMA1c="></latexit><latexit sha1_base64="/3jUsdiui+BWyqdIDqVgnXjMA1c="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="YKZbIWSR0PpFEFIvpCLH6HWRMqc="></latexit><latexit sha1_base64="YKZbIWSR0PpFEFIvpCLH6HWRMqc="></latexit><latexit sha1_base64="qGOpS4tG/ubRHcMYn5ZZE384bkA="></latexit><latexit sha1_base64="/3jUsdiui+BWyqdIDqVgnXjMA1c="></latexit><latexit sha1_base64="/3jUsdiui+BWyqdIDqVgnXjMA1c="></latexit><latexit sha1_base64="/3jUsdiui+BWyqdIDqVgnXjMA1c="></latexit><latexit sha1_base64="/3jUsdiui+BWyqdIDqVgnXjMA1c="></latexit><latexit sha1_base64="/3jUsdiui+BWyqdIDqVgnXjMA1c="></latexit><latexit sha1_base64="/3jUsdiui+BWyqdIDqVgnXjMA1c="></latexit>

= dW = Fdx
<latexit sha1_base64="GewP2ECnEn7ohBJyaHhZNvKgN6Y="></latexit><latexit sha1_base64="GewP2ECnEn7ohBJyaHhZNvKgN6Y="></latexit><latexit sha1_base64="GewP2ECnEn7ohBJyaHhZNvKgN6Y="></latexit><latexit sha1_base64="GewP2ECnEn7ohBJyaHhZNvKgN6Y="></latexit>

�
<latexit sha1_base64="BlG59JTxak1gUdqU6LqgHtJ5RKE="></latexit><latexit sha1_base64="BlG59JTxak1gUdqU6LqgHtJ5RKE="></latexit><latexit sha1_base64="BlG59JTxak1gUdqU6LqgHtJ5RKE="></latexit><latexit sha1_base64="BlG59JTxak1gUdqU6LqgHtJ5RKE="></latexit>

est bien une force par unité de longueur!

dx
<latexit sha1_base64="xjQEMn6d/MLtK91vyQ+Lt7ugT78="></latexit><latexit sha1_base64="xjQEMn6d/MLtK91vyQ+Lt7ugT78="></latexit><latexit sha1_base64="xjQEMn6d/MLtK91vyQ+Lt7ugT78="></latexit><latexit sha1_base64="xjQEMn6d/MLtK91vyQ+Lt7ugT78="></latexit>

L
<latexit sha1_base64="IQ9WDeZA59jR6x0OzBaznGS5ASc="></latexit><latexit sha1_base64="IQ9WDeZA59jR6x0OzBaznGS5ASc="></latexit><latexit sha1_base64="IQ9WDeZA59jR6x0OzBaznGS5ASc="></latexit><latexit sha1_base64="IQ9WDeZA59jR6x0OzBaznGS5ASc="></latexit>

F
<latexit sha1_base64="BhRHHll3PDP+JMPAeeoGTVOVAS0="></latexit><latexit sha1_base64="BhRHHll3PDP+JMPAeeoGTVOVAS0="></latexit><latexit sha1_base64="BhRHHll3PDP+JMPAeeoGTVOVAS0="></latexit><latexit sha1_base64="BhRHHll3PDP+JMPAeeoGTVOVAS0="></latexit>

attraction

attractions manquantesa b c

Mmax g ⇠ 8 L �
<latexit sha1_base64="/WdhC6ejp1JDbWJoA2qfJWQfNrw="></latexit><latexit sha1_base64="/WdhC6ejp1JDbWJoA2qfJWQfNrw="></latexit><latexit sha1_base64="/WdhC6ejp1JDbWJoA2qfJWQfNrw="></latexit><latexit sha1_base64="/WdhC6ejp1JDbWJoA2qfJWQfNrw="></latexit>

F = 2�L
<latexit sha1_base64="1GBEBRjTkhyNALdDwL+ziVOCZDQ="></latexit><latexit sha1_base64="1GBEBRjTkhyNALdDwL+ziVOCZDQ="></latexit><latexit sha1_base64="1GBEBRjTkhyNALdDwL+ziVOCZDQ="></latexit><latexit sha1_base64="1GBEBRjTkhyNALdDwL+ziVOCZDQ="></latexit>

F = � p
<latexit sha1_base64="wIX1VL7RJDOL32fxJqavV1LzPXc="></latexit><latexit sha1_base64="wIX1VL7RJDOL32fxJqavV1LzPXc="></latexit><latexit sha1_base64="wIX1VL7RJDOL32fxJqavV1LzPXc="></latexit><latexit sha1_base64="wIX1VL7RJDOL32fxJqavV1LzPXc="></latexit>

le périmètrep
<latexit sha1_base64="ekQN0Crwk8czBPvpnqOwR1For5Y="></latexit><latexit sha1_base64="ekQN0Crwk8czBPvpnqOwR1For5Y="></latexit><latexit sha1_base64="ekQN0Crwk8czBPvpnqOwR1For5Y="></latexit><latexit sha1_base64="ekQN0Crwk8czBPvpnqOwR1For5Y="></latexit>


