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Un tourbillon sans vorticité ?
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Ecoulement irrotationnel
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Fluide incompressible
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Pas de composante radiale

Φ potentiel de vitesse



Un tourbillon sans vorticité ?
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Γ Circulation du tourbillon



Un tourbillon sans vorticité ?

Ecoulement irrotationnel, sans viscosité : Bernoulli p1 = p+
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Forte tornade, U ~ 100 m/s, Δp ~104 Pa

Image NOAA





Canon à vortex



Canon à vortex



Vortex annulaire
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Valse de tourbillons
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Valse de tourbillons
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Valse de tourbillons



Dissipation des tourbillons



Tourbillon stationnaire



Portance
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Le but de Roberto Carlos
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<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

�p = 2⇢U!R
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

p+
<latexit sha1_base64="CIQ/kp4PNOSXtOC60NHy2/nGFsM="></latexit><latexit sha1_base64="CIQ/kp4PNOSXtOC60NHy2/nGFsM="></latexit><latexit sha1_base64="CIQ/kp4PNOSXtOC60NHy2/nGFsM="></latexit><latexit sha1_base64="CIQ/kp4PNOSXtOC60NHy2/nGFsM="></latexit>

p�
<latexit sha1_base64="GKipa2tgQXDaMvE5gXEyqHM8aOs="></latexit><latexit sha1_base64="GKipa2tgQXDaMvE5gXEyqHM8aOs="></latexit><latexit sha1_base64="GKipa2tgQXDaMvE5gXEyqHM8aOs="></latexit><latexit sha1_base64="GKipa2tgQXDaMvE5gXEyqHM8aOs="></latexit>

Fp
<latexit sha1_base64="rLQV8m63NeGNRE8BxuHuxcMLU84="></latexit><latexit sha1_base64="rLQV8m63NeGNRE8BxuHuxcMLU84="></latexit><latexit sha1_base64="rLQV8m63NeGNRE8BxuHuxcMLU84="></latexit><latexit sha1_base64="rLQV8m63NeGNRE8BxuHuxcMLU84="></latexit>

U � !R
<latexit sha1_base64="ryMCyVBM0rCLNSIujgRB1e2L29A="></latexit><latexit sha1_base64="ryMCyVBM0rCLNSIujgRB1e2L29A="></latexit><latexit sha1_base64="ryMCyVBM0rCLNSIujgRB1e2L29A="></latexit><latexit sha1_base64="ryMCyVBM0rCLNSIujgRB1e2L29A="></latexit>

U + !R
<latexit sha1_base64="uZOwiH8jDPFdlIMJe39tcYIuuCI="></latexit><latexit sha1_base64="uZOwiH8jDPFdlIMJe39tcYIuuCI="></latexit><latexit sha1_base64="uZOwiH8jDPFdlIMJe39tcYIuuCI="></latexit><latexit sha1_base64="uZOwiH8jDPFdlIMJe39tcYIuuCI="></latexit>

!R ⇠ 10m/s
<latexit sha1_base64="/xfLARrL+NSDxXq2Gzrch3OZtRU="></latexit><latexit sha1_base64="/xfLARrL+NSDxXq2Gzrch3OZtRU="></latexit><latexit sha1_base64="/xfLARrL+NSDxXq2Gzrch3OZtRU="></latexit><latexit sha1_base64="/xfLARrL+NSDxXq2Gzrch3OZtRU="></latexit>!

<latexit sha1_base64="1khB/emEISitTHrEeaw6meHiFwE="></latexit><latexit sha1_base64="1khB/emEISitTHrEeaw6meHiFwE="></latexit><latexit sha1_base64="1khB/emEISitTHrEeaw6meHiFwE="></latexit><latexit sha1_base64="1khB/emEISitTHrEeaw6meHiFwE="></latexit>

U ⇠ 40m/s
<latexit sha1_base64="xMVw22UM6uat+6q6ORYHfhJoAc0="></latexit><latexit sha1_base64="xMVw22UM6uat+6q6ORYHfhJoAc0="></latexit><latexit sha1_base64="xMVw22UM6uat+6q6ORYHfhJoAc0="></latexit><latexit sha1_base64="xMVw22UM6uat+6q6ORYHfhJoAc0="></latexit>

Fp ⇠ �p⇡R2 = 2⇡ ⇢U !R3
<latexit sha1_base64="3CyLuuTXm5SwAYkNoLJgNoepyDY="></latexit><latexit sha1_base64="3CyLuuTXm5SwAYkNoLJgNoepyDY="></latexit><latexit sha1_base64="3CyLuuTXm5SwAYkNoLJgNoepyDY="></latexit><latexit sha1_base64="3CyLuuTXm5SwAYkNoLJgNoepyDY="></latexit>

A.N. :Fp ' 6.1.40.100.10�3 ' 24N
<latexit sha1_base64="uwuJxQUByA91xYlOMMm9KMK6FfA="></latexit><latexit sha1_base64="uwuJxQUByA91xYlOMMm9KMK6FfA="></latexit><latexit sha1_base64="uwuJxQUByA91xYlOMMm9KMK6FfA="></latexit><latexit sha1_base64="uwuJxQUByA91xYlOMMm9KMK6FfA="></latexit>

Le but de Roberto Carlos : force latérale sur le ballon



Portance sur un cylindre tournant

�� = � = 0
<latexit sha1_base64="FkrPB3bIXeH8/4W3aBWtB8P6Hxw="></latexit><latexit sha1_base64="FkrPB3bIXeH8/4W3aBWtB8P6Hxw="></latexit><latexit sha1_base64="FkrPB3bIXeH8/4W3aBWtB8P6Hxw="></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="5CtAFfiShWZ7yH86sjq87Qn7XuA="></latexit><latexit sha1_base64="5CtAFfiShWZ7yH86sjq87Qn7XuA="></latexit><latexit sha1_base64="LqH+mj9ymyhseFc1aJxNDUdxC2Y="></latexit><latexit sha1_base64="FkrPB3bIXeH8/4W3aBWtB8P6Hxw="></latexit><latexit sha1_base64="FkrPB3bIXeH8/4W3aBWtB8P6Hxw="></latexit><latexit sha1_base64="FkrPB3bIXeH8/4W3aBWtB8P6Hxw="></latexit><latexit sha1_base64="FkrPB3bIXeH8/4W3aBWtB8P6Hxw="></latexit><latexit sha1_base64="FkrPB3bIXeH8/4W3aBWtB8P6Hxw="></latexit><latexit sha1_base64="FkrPB3bIXeH8/4W3aBWtB8P6Hxw="></latexit>

A 2D, un écoulement potentiel incompressible peut être décrit :

u = r^ ( ez)
<latexit sha1_base64="api8gKEZdmaBhm5iVMR93ebdd5Q="></latexit><latexit sha1_base64="api8gKEZdmaBhm5iVMR93ebdd5Q="></latexit><latexit sha1_base64="api8gKEZdmaBhm5iVMR93ebdd5Q="></latexit><latexit sha1_base64="api8gKEZdmaBhm5iVMR93ebdd5Q="></latexit>

 
<latexit sha1_base64="WL7//SX8l1i3GrMeYb5BFckRr9Q="></latexit><latexit sha1_base64="WL7//SX8l1i3GrMeYb5BFckRr9Q="></latexit><latexit sha1_base64="WL7//SX8l1i3GrMeYb5BFckRr9Q="></latexit><latexit sha1_base64="WL7//SX8l1i3GrMeYb5BFckRr9Q="></latexit>

et par une fonction de courant         telle que :

�
<latexit sha1_base64="ojYlf0vOzQkAR9T5OPC+EwA6nso="></latexit><latexit sha1_base64="ojYlf0vOzQkAR9T5OPC+EwA6nso="></latexit><latexit sha1_base64="ojYlf0vOzQkAR9T5OPC+EwA6nso="></latexit><latexit sha1_base64="ojYlf0vOzQkAR9T5OPC+EwA6nso="></latexit>

u = r�
<latexit sha1_base64="gZoAyOOvsdqH6qFPlrqEmdgqf4w="></latexit><latexit sha1_base64="gZoAyOOvsdqH6qFPlrqEmdgqf4w="></latexit><latexit sha1_base64="gZoAyOOvsdqH6qFPlrqEmdgqf4w="></latexit><latexit sha1_base64="gZoAyOOvsdqH6qFPlrqEmdgqf4w="></latexit>

par une fonction potentielle       telle que :     
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<latexit sha1_base64="EIz9MPnAvFsvghptwANDIvWFjt0="></latexit><latexit sha1_base64="EIz9MPnAvFsvghptwANDIvWFjt0="></latexit><latexit sha1_base64="EIz9MPnAvFsvghptwANDIvWFjt0="></latexit><latexit sha1_base64="EIz9MPnAvFsvghptwANDIvWFjt0="></latexit>

Rappel : en coordonnées cartésiennes à 2D

ux =
@ 

@y
<latexit sha1_base64="Xg4+DR7QlB/lS508NvLD2av0tKE="></latexit><latexit sha1_base64="Xg4+DR7QlB/lS508NvLD2av0tKE="></latexit><latexit sha1_base64="Xg4+DR7QlB/lS508NvLD2av0tKE="></latexit><latexit sha1_base64="Xg4+DR7QlB/lS508NvLD2av0tKE="></latexit>

uy = �@ 
@x

<latexit sha1_base64="bnKuuYbR2I0klO/8Gsyemo4j9AI="></latexit><latexit sha1_base64="bnKuuYbR2I0klO/8Gsyemo4j9AI="></latexit><latexit sha1_base64="bnKuuYbR2I0klO/8Gsyemo4j9AI="></latexit><latexit sha1_base64="bnKuuYbR2I0klO/8Gsyemo4j9AI="></latexit>



x
<latexit sha1_base64="MyiEmFnntf+qNJvnSMVFXu6341g="></latexit><latexit sha1_base64="MyiEmFnntf+qNJvnSMVFXu6341g="></latexit><latexit sha1_base64="MyiEmFnntf+qNJvnSMVFXu6341g="></latexit><latexit sha1_base64="MyiEmFnntf+qNJvnSMVFXu6341g="></latexit>

y
<latexit sha1_base64="Ne219FMGE9f9p0Jycnzrb+NuVNQ="></latexit><latexit sha1_base64="Ne219FMGE9f9p0Jycnzrb+NuVNQ="></latexit><latexit sha1_base64="Ne219FMGE9f9p0Jycnzrb+NuVNQ="></latexit><latexit sha1_base64="Ne219FMGE9f9p0Jycnzrb+NuVNQ="></latexit>

u = r^ ( ez)
<latexit sha1_base64="api8gKEZdmaBhm5iVMR93ebdd5Q="></latexit><latexit sha1_base64="api8gKEZdmaBhm5iVMR93ebdd5Q="></latexit><latexit sha1_base64="api8gKEZdmaBhm5iVMR93ebdd5Q="></latexit><latexit sha1_base64="api8gKEZdmaBhm5iVMR93ebdd5Q="></latexit>

 
<latexit sha1_base64="WL7//SX8l1i3GrMeYb5BFckRr9Q="></latexit><latexit sha1_base64="WL7//SX8l1i3GrMeYb5BFckRr9Q="></latexit><latexit sha1_base64="WL7//SX8l1i3GrMeYb5BFckRr9Q="></latexit><latexit sha1_base64="WL7//SX8l1i3GrMeYb5BFckRr9Q="></latexit>

Une fonction de courant         telle que :
�

<latexit sha1_base64="ojYlf0vOzQkAR9T5OPC+EwA6nso="></latexit><latexit sha1_base64="ojYlf0vOzQkAR9T5OPC+EwA6nso="></latexit><latexit sha1_base64="ojYlf0vOzQkAR9T5OPC+EwA6nso="></latexit><latexit sha1_base64="ojYlf0vOzQkAR9T5OPC+EwA6nso="></latexit>

u = r�
<latexit sha1_base64="gZoAyOOvsdqH6qFPlrqEmdgqf4w="></latexit><latexit sha1_base64="gZoAyOOvsdqH6qFPlrqEmdgqf4w="></latexit><latexit sha1_base64="gZoAyOOvsdqH6qFPlrqEmdgqf4w="></latexit><latexit sha1_base64="gZoAyOOvsdqH6qFPlrqEmdgqf4w="></latexit>

Une fonction potentielle       telle que :     

 =  1
<latexit sha1_base64="arLatjEVbEbsv9VVN30oAxkAK8Y="></latexit><latexit sha1_base64="arLatjEVbEbsv9VVN30oAxkAK8Y="></latexit><latexit sha1_base64="arLatjEVbEbsv9VVN30oAxkAK8Y="></latexit><latexit sha1_base64="arLatjEVbEbsv9VVN30oAxkAK8Y="></latexit>

 =  2
<latexit sha1_base64="5eNm0SXZIIXESOAhcEnBo4VJiWY="></latexit><latexit sha1_base64="5eNm0SXZIIXESOAhcEnBo4VJiWY="></latexit><latexit sha1_base64="5eNm0SXZIIXESOAhcEnBo4VJiWY="></latexit><latexit sha1_base64="5eNm0SXZIIXESOAhcEnBo4VJiWY="></latexit>

 =  3
<latexit sha1_base64="droWmZgcKbGRxvF0BCcglJujzU8="></latexit><latexit sha1_base64="droWmZgcKbGRxvF0BCcglJujzU8="></latexit><latexit sha1_base64="droWmZgcKbGRxvF0BCcglJujzU8="></latexit><latexit sha1_base64="droWmZgcKbGRxvF0BCcglJujzU8="></latexit>

Lignes de courant

� = �3
<latexit sha1_base64="n+nZkWqzyijXIzHB8MffIsret90="></latexit><latexit sha1_base64="n+nZkWqzyijXIzHB8MffIsret90="></latexit><latexit sha1_base64="n+nZkWqzyijXIzHB8MffIsret90="></latexit><latexit sha1_base64="n+nZkWqzyijXIzHB8MffIsret90="></latexit>

� = �1
<latexit sha1_base64="mGIlonMcBADClNnuKI+1Z6ksk1Q="></latexit><latexit sha1_base64="mGIlonMcBADClNnuKI+1Z6ksk1Q="></latexit><latexit sha1_base64="mGIlonMcBADClNnuKI+1Z6ksk1Q="></latexit><latexit sha1_base64="mGIlonMcBADClNnuKI+1Z6ksk1Q="></latexit>

� = �2
<latexit sha1_base64="U2VXwJRyNaTHg7hKsS9ROVSJK+8="></latexit><latexit sha1_base64="U2VXwJRyNaTHg7hKsS9ROVSJK+8="></latexit><latexit sha1_base64="U2VXwJRyNaTHg7hKsS9ROVSJK+8="></latexit><latexit sha1_base64="U2VXwJRyNaTHg7hKsS9ROVSJK+8="></latexit>

Équipotentielles

� = Ux
<latexit sha1_base64="AnIpJMOiRN0Bq9VO/5BCMAnwBJ8="></latexit><latexit sha1_base64="AnIpJMOiRN0Bq9VO/5BCMAnwBJ8="></latexit><latexit sha1_base64="AnIpJMOiRN0Bq9VO/5BCMAnwBJ8="></latexit><latexit sha1_base64="AnIpJMOiRN0Bq9VO/5BCMAnwBJ8="></latexit>

 = Uy
<latexit sha1_base64="VxF9f1N5xEc1hFMV0VcwMuxRyOI="></latexit><latexit sha1_base64="VxF9f1N5xEc1hFMV0VcwMuxRyOI="></latexit><latexit sha1_base64="VxF9f1N5xEc1hFMV0VcwMuxRyOI="></latexit><latexit sha1_base64="VxF9f1N5xEc1hFMV0VcwMuxRyOI="></latexit>

x
<latexit sha1_base64="MyiEmFnntf+qNJvnSMVFXu6341g="></latexit><latexit sha1_base64="MyiEmFnntf+qNJvnSMVFXu6341g="></latexit><latexit sha1_base64="MyiEmFnntf+qNJvnSMVFXu6341g="></latexit><latexit sha1_base64="MyiEmFnntf+qNJvnSMVFXu6341g="></latexit>

y
<latexit sha1_base64="Ne219FMGE9f9p0Jycnzrb+NuVNQ="></latexit><latexit sha1_base64="Ne219FMGE9f9p0Jycnzrb+NuVNQ="></latexit><latexit sha1_base64="Ne219FMGE9f9p0Jycnzrb+NuVNQ="></latexit><latexit sha1_base64="Ne219FMGE9f9p0Jycnzrb+NuVNQ="></latexit>

• Ecoulement parallèle uniforme

U
<latexit sha1_base64="UPe53xPVQ+k3UYNWmI9txn+9EyA="></latexit><latexit sha1_base64="UPe53xPVQ+k3UYNWmI9txn+9EyA="></latexit><latexit sha1_base64="UPe53xPVQ+k3UYNWmI9txn+9EyA="></latexit><latexit sha1_base64="UPe53xPVQ+k3UYNWmI9txn+9EyA="></latexit>

ux = U
<latexit sha1_base64="oC/WhAP3sAqycpm7quu/x0mZdIw="></latexit><latexit sha1_base64="oC/WhAP3sAqycpm7quu/x0mZdIw="></latexit><latexit sha1_base64="oC/WhAP3sAqycpm7quu/x0mZdIw="></latexit><latexit sha1_base64="oC/WhAP3sAqycpm7quu/x0mZdIw="></latexit>

uy = 0
<latexit sha1_base64="iTJIckOtV2kR8B70Ql//E2qL8Ew="></latexit><latexit sha1_base64="iTJIckOtV2kR8B70Ql//E2qL8Ew="></latexit><latexit sha1_base64="iTJIckOtV2kR8B70Ql//E2qL8Ew="></latexit><latexit sha1_base64="iTJIckOtV2kR8B70Ql//E2qL8Ew="></latexit>

@�

@x
=
@ 

@y
= ux = U

<latexit sha1_base64="VngNCnlCFkZfonU//eqtBJlZZKQ="></latexit><latexit sha1_base64="VngNCnlCFkZfonU//eqtBJlZZKQ="></latexit><latexit sha1_base64="VngNCnlCFkZfonU//eqtBJlZZKQ="></latexit><latexit sha1_base64="VngNCnlCFkZfonU//eqtBJlZZKQ="></latexit>

@�

@y
= �@ 

@x
= uy = 0

<latexit sha1_base64="q06bK3SFvORnKUGpOkA/SrA5XcE="></latexit><latexit sha1_base64="q06bK3SFvORnKUGpOkA/SrA5XcE="></latexit><latexit sha1_base64="q06bK3SFvORnKUGpOkA/SrA5XcE="></latexit><latexit sha1_base64="q06bK3SFvORnKUGpOkA/SrA5XcE="></latexit>



• Tourbillon autour de l’axe Oz

u = r^ ( ez)
<latexit sha1_base64="api8gKEZdmaBhm5iVMR93ebdd5Q="></latexit><latexit sha1_base64="api8gKEZdmaBhm5iVMR93ebdd5Q="></latexit><latexit sha1_base64="api8gKEZdmaBhm5iVMR93ebdd5Q="></latexit><latexit sha1_base64="api8gKEZdmaBhm5iVMR93ebdd5Q="></latexit>

 
<latexit sha1_base64="WL7//SX8l1i3GrMeYb5BFckRr9Q="></latexit><latexit sha1_base64="WL7//SX8l1i3GrMeYb5BFckRr9Q="></latexit><latexit sha1_base64="WL7//SX8l1i3GrMeYb5BFckRr9Q="></latexit><latexit sha1_base64="WL7//SX8l1i3GrMeYb5BFckRr9Q="></latexit>

Une fonction de courant         telle que :
�

<latexit sha1_base64="ojYlf0vOzQkAR9T5OPC+EwA6nso="></latexit><latexit sha1_base64="ojYlf0vOzQkAR9T5OPC+EwA6nso="></latexit><latexit sha1_base64="ojYlf0vOzQkAR9T5OPC+EwA6nso="></latexit><latexit sha1_base64="ojYlf0vOzQkAR9T5OPC+EwA6nso="></latexit>

u = r�
<latexit sha1_base64="gZoAyOOvsdqH6qFPlrqEmdgqf4w="></latexit><latexit sha1_base64="gZoAyOOvsdqH6qFPlrqEmdgqf4w="></latexit><latexit sha1_base64="gZoAyOOvsdqH6qFPlrqEmdgqf4w="></latexit><latexit sha1_base64="gZoAyOOvsdqH6qFPlrqEmdgqf4w="></latexit>

Une fonction potentielle       telle que :     

 =  1
<latexit sha1_base64="arLatjEVbEbsv9VVN30oAxkAK8Y="></latexit><latexit sha1_base64="arLatjEVbEbsv9VVN30oAxkAK8Y="></latexit><latexit sha1_base64="arLatjEVbEbsv9VVN30oAxkAK8Y="></latexit><latexit sha1_base64="arLatjEVbEbsv9VVN30oAxkAK8Y="></latexit>

 =  2
<latexit sha1_base64="5eNm0SXZIIXESOAhcEnBo4VJiWY="></latexit><latexit sha1_base64="5eNm0SXZIIXESOAhcEnBo4VJiWY="></latexit><latexit sha1_base64="5eNm0SXZIIXESOAhcEnBo4VJiWY="></latexit><latexit sha1_base64="5eNm0SXZIIXESOAhcEnBo4VJiWY="></latexit>

Lignes de courant

� = �1
<latexit sha1_base64="mGIlonMcBADClNnuKI+1Z6ksk1Q="></latexit><latexit sha1_base64="mGIlonMcBADClNnuKI+1Z6ksk1Q="></latexit><latexit sha1_base64="mGIlonMcBADClNnuKI+1Z6ksk1Q="></latexit><latexit sha1_base64="mGIlonMcBADClNnuKI+1Z6ksk1Q="></latexit>

� = �2
<latexit sha1_base64="U2VXwJRyNaTHg7hKsS9ROVSJK+8="></latexit><latexit sha1_base64="U2VXwJRyNaTHg7hKsS9ROVSJK+8="></latexit><latexit sha1_base64="U2VXwJRyNaTHg7hKsS9ROVSJK+8="></latexit><latexit sha1_base64="U2VXwJRyNaTHg7hKsS9ROVSJK+8="></latexit>

Équipotentielles

y
<latexit sha1_base64="Ne219FMGE9f9p0Jycnzrb+NuVNQ="></latexit><latexit sha1_base64="Ne219FMGE9f9p0Jycnzrb+NuVNQ="></latexit><latexit sha1_base64="Ne219FMGE9f9p0Jycnzrb+NuVNQ="></latexit><latexit sha1_base64="Ne219FMGE9f9p0Jycnzrb+NuVNQ="></latexit>

� =
�✓

2⇡
<latexit sha1_base64="VTHOYSrRnhLi/ko+Hp8vXMbhr30="></latexit><latexit sha1_base64="VTHOYSrRnhLi/ko+Hp8vXMbhr30="></latexit><latexit sha1_base64="VTHOYSrRnhLi/ko+Hp8vXMbhr30="></latexit><latexit sha1_base64="VTHOYSrRnhLi/ko+Hp8vXMbhr30="></latexit>

 = � �

2⇡
ln

r

r0
<latexit sha1_base64="wr5UZT3LnLBjre+2xTN4cDZRYPw="></latexit><latexit sha1_base64="wr5UZT3LnLBjre+2xTN4cDZRYPw="></latexit><latexit sha1_base64="wr5UZT3LnLBjre+2xTN4cDZRYPw="></latexit><latexit sha1_base64="wr5UZT3LnLBjre+2xTN4cDZRYPw="></latexit>

ur = 0
<latexit sha1_base64="CZErkBuh+O18JH7S2D+z53SVIrE="></latexit><latexit sha1_base64="CZErkBuh+O18JH7S2D+z53SVIrE="></latexit><latexit sha1_base64="CZErkBuh+O18JH7S2D+z53SVIrE="></latexit><latexit sha1_base64="CZErkBuh+O18JH7S2D+z53SVIrE="></latexit>

u✓ =
�

2⇡r
<latexit sha1_base64="oIsKfjnWD7ET/FQk5hlz4prPg3M="></latexit><latexit sha1_base64="oIsKfjnWD7ET/FQk5hlz4prPg3M="></latexit><latexit sha1_base64="oIsKfjnWD7ET/FQk5hlz4prPg3M="></latexit><latexit sha1_base64="oIsKfjnWD7ET/FQk5hlz4prPg3M="></latexit>

1

r

@�

@✓
= �@ 

@r
= u✓ =

�

2⇡r
<latexit sha1_base64="sk0YzqZNG5qBWTcPGQYO5uhs9TE="></latexit><latexit sha1_base64="sk0YzqZNG5qBWTcPGQYO5uhs9TE="></latexit><latexit sha1_base64="sk0YzqZNG5qBWTcPGQYO5uhs9TE="></latexit><latexit sha1_base64="sk0YzqZNG5qBWTcPGQYO5uhs9TE="></latexit>

@�

@r
=

1

r

@ 

@✓
= ur = 0

<latexit sha1_base64="K7qXbxqJnZ7IpqddlP9+ytHy7mU="></latexit><latexit sha1_base64="K7qXbxqJnZ7IpqddlP9+ytHy7mU="></latexit><latexit sha1_base64="K7qXbxqJnZ7IpqddlP9+ytHy7mU="></latexit><latexit sha1_base64="K7qXbxqJnZ7IpqddlP9+ytHy7mU="></latexit>

x
<latexit sha1_base64="MyiEmFnntf+qNJvnSMVFXu6341g="></latexit><latexit sha1_base64="MyiEmFnntf+qNJvnSMVFXu6341g="></latexit><latexit sha1_base64="MyiEmFnntf+qNJvnSMVFXu6341g="></latexit><latexit sha1_base64="MyiEmFnntf+qNJvnSMVFXu6341g="></latexit>

U
<latexit sha1_base64="UPe53xPVQ+k3UYNWmI9txn+9EyA="></latexit><latexit sha1_base64="UPe53xPVQ+k3UYNWmI9txn+9EyA="></latexit><latexit sha1_base64="UPe53xPVQ+k3UYNWmI9txn+9EyA="></latexit><latexit sha1_base64="UPe53xPVQ+k3UYNWmI9txn+9EyA="></latexit>

✓
<latexit sha1_base64="HF+lC2iD9PV5DdQPdm9rM//e33c="></latexit><latexit sha1_base64="HF+lC2iD9PV5DdQPdm9rM//e33c="></latexit><latexit sha1_base64="HF+lC2iD9PV5DdQPdm9rM//e33c="></latexit><latexit sha1_base64="HF+lC2iD9PV5DdQPdm9rM//e33c="></latexit>



Uniforme + source : lignes de courant



Uniforme + source+ puits : lignes de courant



Uniforme + dipôle : lignes de courant



Uniforme + dipôle : champ de pression



Uniforme + dipôle + vortex



Uniforme + dipôle + vortex : champ de pression



Portance sur un cylindre tournant

 = Ur sin ✓(1�R2/r2)
<latexit sha1_base64="ljXtN1Gsy1hMLXOLsGp5IYNO6Ig="></latexit><latexit sha1_base64="ljXtN1Gsy1hMLXOLsGp5IYNO6Ig="></latexit><latexit sha1_base64="ljXtN1Gsy1hMLXOLsGp5IYNO6Ig="></latexit><latexit sha1_base64="ljXtN1Gsy1hMLXOLsGp5IYNO6Ig="></latexit>

� = Ur cos ✓(1 +R2/r2)
<latexit sha1_base64="rTJ9Sj623VROcvzPYUTfYgjQGso="></latexit><latexit sha1_base64="rTJ9Sj623VROcvzPYUTfYgjQGso="></latexit><latexit sha1_base64="rTJ9Sj623VROcvzPYUTfYgjQGso="></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="N6ob/JT8omTmbhVFIVoK/tia7Yk="></latexit><latexit sha1_base64="N6ob/JT8omTmbhVFIVoK/tia7Yk="></latexit><latexit sha1_base64="I9rYt1tm8yLt9sBkWrhYkqYSPh0="></latexit><latexit sha1_base64="rTJ9Sj623VROcvzPYUTfYgjQGso="></latexit><latexit sha1_base64="rTJ9Sj623VROcvzPYUTfYgjQGso="></latexit><latexit sha1_base64="rTJ9Sj623VROcvzPYUTfYgjQGso="></latexit><latexit sha1_base64="rTJ9Sj623VROcvzPYUTfYgjQGso="></latexit><latexit sha1_base64="rTJ9Sj623VROcvzPYUTfYgjQGso="></latexit><latexit sha1_base64="rTJ9Sj623VROcvzPYUTfYgjQGso="></latexit>

� = �✓/2⇡
<latexit sha1_base64="E8ARDV0C5zl1dXjF7vzz+jm72lY="></latexit><latexit sha1_base64="E8ARDV0C5zl1dXjF7vzz+jm72lY="></latexit><latexit sha1_base64="E8ARDV0C5zl1dXjF7vzz+jm72lY="></latexit><latexit sha1_base64="E8ARDV0C5zl1dXjF7vzz+jm72lY="></latexit>

+

iso- 
<latexit sha1_base64="1VCxYbpyGApDPOKi1xrKObjqL74="></latexit><latexit sha1_base64="1VCxYbpyGApDPOKi1xrKObjqL74="></latexit><latexit sha1_base64="1VCxYbpyGApDPOKi1xrKObjqL74="></latexit><latexit sha1_base64="1VCxYbpyGApDPOKi1xrKObjqL74="></latexit>

� < 0
<latexit sha1_base64="9XdRND3Qt8DsJ1ulJ3JCbTio7go="></latexit><latexit sha1_base64="9XdRND3Qt8DsJ1ulJ3JCbTio7go="></latexit><latexit sha1_base64="9XdRND3Qt8DsJ1ulJ3JCbTio7go="></latexit><latexit sha1_base64="9XdRND3Qt8DsJ1ulJ3JCbTio7go="></latexit>

 = � �

2⇡
ln

r

r0
<latexit sha1_base64="wr5UZT3LnLBjre+2xTN4cDZRYPw="></latexit><latexit sha1_base64="wr5UZT3LnLBjre+2xTN4cDZRYPw="></latexit><latexit sha1_base64="wr5UZT3LnLBjre+2xTN4cDZRYPw="></latexit><latexit sha1_base64="wr5UZT3LnLBjre+2xTN4cDZRYPw="></latexit>





La pression sur le cylindre est donnée par l’équation de Bernoulli :

p+
1

2
⇢u2(R) = p1 +

1

2
⇢U2

<latexit sha1_base64="NMZvcJ1gmLRvpkxIG2Eg0ziY5gQ="></latexit><latexit sha1_base64="NMZvcJ1gmLRvpkxIG2Eg0ziY5gQ="></latexit><latexit sha1_base64="NMZvcJ1gmLRvpkxIG2Eg0ziY5gQ="></latexit><latexit sha1_base64="NMZvcJ1gmLRvpkxIG2Eg0ziY5gQ="></latexit>

u✓(R) = �2U sin ✓ +
�

2⇡R
<latexit sha1_base64="bLbWDkiGAQf/sd/dJoMedBPiKmU="></latexit><latexit sha1_base64="bLbWDkiGAQf/sd/dJoMedBPiKmU="></latexit><latexit sha1_base64="bLbWDkiGAQf/sd/dJoMedBPiKmU="></latexit><latexit sha1_base64="bLbWDkiGAQf/sd/dJoMedBPiKmU="></latexit>

ur(R) = 0
<latexit sha1_base64="IdPxY08UGhlQNolLpNbXNUSPIFU="></latexit><latexit sha1_base64="IdPxY08UGhlQNolLpNbXNUSPIFU="></latexit><latexit sha1_base64="IdPxY08UGhlQNolLpNbXNUSPIFU="></latexit><latexit sha1_base64="IdPxY08UGhlQNolLpNbXNUSPIFU="></latexit>

(
<latexit sha1_base64="4aFnG51jHNF6wcGbAow9E02hGMc="></latexit><latexit sha1_base64="4aFnG51jHNF6wcGbAow9E02hGMc="></latexit><latexit sha1_base64="4aFnG51jHNF6wcGbAow9E02hGMc="></latexit><latexit sha1_base64="4aFnG51jHNF6wcGbAow9E02hGMc="></latexit>

)
<latexit sha1_base64="sN9Ywrjt7++8A9GWyHgLCW9CXYQ="></latexit><latexit sha1_base64="sN9Ywrjt7++8A9GWyHgLCW9CXYQ="></latexit><latexit sha1_base64="sN9Ywrjt7++8A9GWyHgLCW9CXYQ="></latexit><latexit sha1_base64="sN9Ywrjt7++8A9GWyHgLCW9CXYQ="></latexit>

La portance par unité de longueur de cylindre est donnée par :

Fp = Fy = �
Z 2⇡

0
p sin ✓ Rd✓ = �2⇢U2 �

2⇡RU
R⇡ = �⇢U�

<latexit sha1_base64="IoTxCRbQe6fw2Fgph1kI0Jvy7jM="></latexit><latexit sha1_base64="IoTxCRbQe6fw2Fgph1kI0Jvy7jM="></latexit><latexit sha1_base64="IoTxCRbQe6fw2Fgph1kI0Jvy7jM="></latexit><latexit sha1_base64="IoTxCRbQe6fw2Fgph1kI0Jvy7jM="></latexit>

La trainée par unité de longueur de cylindre est donnée par :

Ft = Fx = �
Z 2⇡

0
p cos ✓ Rd✓ = 0

<latexit sha1_base64="lbqjgLISxyXcoVk8a0PYc2q0Zyw="></latexit><latexit sha1_base64="lbqjgLISxyXcoVk8a0PYc2q0Zyw="></latexit><latexit sha1_base64="lbqjgLISxyXcoVk8a0PYc2q0Zyw="></latexit><latexit sha1_base64="lbqjgLISxyXcoVk8a0PYc2q0Zyw="></latexit>

Fp = �⇢U�
<latexit sha1_base64="mgh6Fwhjbky2fwgCLHKzCJRGXlg="></latexit><latexit sha1_base64="mgh6Fwhjbky2fwgCLHKzCJRGXlg="></latexit><latexit sha1_base64="mgh6Fwhjbky2fwgCLHKzCJRGXlg="></latexit><latexit sha1_base64="mgh6Fwhjbky2fwgCLHKzCJRGXlg="></latexit>

Formule générale de Joukovski qui lie la portance à la circulation

� =
�

2⇡RU
<latexit sha1_base64="gdli6UZ83F9oUvd80aJVzHFOe0Q="></latexit><latexit sha1_base64="gdli6UZ83F9oUvd80aJVzHFOe0Q="></latexit><latexit sha1_base64="gdli6UZ83F9oUvd80aJVzHFOe0Q="></latexit><latexit sha1_base64="gdli6UZ83F9oUvd80aJVzHFOe0Q="></latexit>

avecp = p1 +
1

2
⇢U2(1� 4 sin2 ✓ � �2 + 4� sin ✓)

<latexit sha1_base64="L04LEldj2EBQKdnpomFdID1bHgc="></latexit><latexit sha1_base64="L04LEldj2EBQKdnpomFdID1bHgc="></latexit><latexit sha1_base64="L04LEldj2EBQKdnpomFdID1bHgc="></latexit><latexit sha1_base64="L04LEldj2EBQKdnpomFdID1bHgc="></latexit>

la circulation réduite

+

� 6= 0
<latexit sha1_base64="4lBtI4qIORzYOM5S8XuX8mQAHqc="></latexit><latexit sha1_base64="4lBtI4qIORzYOM5S8XuX8mQAHqc="></latexit><latexit sha1_base64="4lBtI4qIORzYOM5S8XuX8mQAHqc="></latexit><latexit sha1_base64="4lBtI4qIORzYOM5S8XuX8mQAHqc="></latexit>

x
<latexit sha1_base64="MyiEmFnntf+qNJvnSMVFXu6341g="></latexit><latexit sha1_base64="MyiEmFnntf+qNJvnSMVFXu6341g="></latexit><latexit sha1_base64="MyiEmFnntf+qNJvnSMVFXu6341g="></latexit><latexit sha1_base64="MyiEmFnntf+qNJvnSMVFXu6341g="></latexit>

y
<latexit sha1_base64="Ne219FMGE9f9p0Jycnzrb+NuVNQ="></latexit><latexit sha1_base64="Ne219FMGE9f9p0Jycnzrb+NuVNQ="></latexit><latexit sha1_base64="Ne219FMGE9f9p0Jycnzrb+NuVNQ="></latexit><latexit sha1_base64="Ne219FMGE9f9p0Jycnzrb+NuVNQ="></latexit>

U
<latexit sha1_base64="UPe53xPVQ+k3UYNWmI9txn+9EyA="></latexit><latexit sha1_base64="UPe53xPVQ+k3UYNWmI9txn+9EyA="></latexit><latexit sha1_base64="UPe53xPVQ+k3UYNWmI9txn+9EyA="></latexit><latexit sha1_base64="UPe53xPVQ+k3UYNWmI9txn+9EyA="></latexit>



+

Fp = �⇢U�
<latexit sha1_base64="mgh6Fwhjbky2fwgCLHKzCJRGXlg="></latexit><latexit sha1_base64="mgh6Fwhjbky2fwgCLHKzCJRGXlg="></latexit><latexit sha1_base64="mgh6Fwhjbky2fwgCLHKzCJRGXlg="></latexit><latexit sha1_base64="mgh6Fwhjbky2fwgCLHKzCJRGXlg="></latexit>

U
<latexit sha1_base64="UPe53xPVQ+k3UYNWmI9txn+9EyA="></latexit><latexit sha1_base64="UPe53xPVQ+k3UYNWmI9txn+9EyA="></latexit><latexit sha1_base64="UPe53xPVQ+k3UYNWmI9txn+9EyA="></latexit><latexit sha1_base64="UPe53xPVQ+k3UYNWmI9txn+9EyA="></latexit>

U > 0
<latexit sha1_base64="PxvqWrPaVXlA9VEGMy9ZoRngz0Q="></latexit><latexit sha1_base64="PxvqWrPaVXlA9VEGMy9ZoRngz0Q="></latexit><latexit sha1_base64="PxvqWrPaVXlA9VEGMy9ZoRngz0Q="></latexit><latexit sha1_base64="PxvqWrPaVXlA9VEGMy9ZoRngz0Q="></latexit>

Fp > 0
<latexit sha1_base64="CFOHSkme9DFZQQVEKMPM/tL90yE="></latexit><latexit sha1_base64="CFOHSkme9DFZQQVEKMPM/tL90yE="></latexit><latexit sha1_base64="CFOHSkme9DFZQQVEKMPM/tL90yE="></latexit><latexit sha1_base64="CFOHSkme9DFZQQVEKMPM/tL90yE="></latexit>

� < 0
<latexit sha1_base64="9XdRND3Qt8DsJ1ulJ3JCbTio7go="></latexit><latexit sha1_base64="9XdRND3Qt8DsJ1ulJ3JCbTio7go="></latexit><latexit sha1_base64="9XdRND3Qt8DsJ1ulJ3JCbTio7go="></latexit><latexit sha1_base64="9XdRND3Qt8DsJ1ulJ3JCbTio7go="></latexit>

U+
<latexit sha1_base64="tqDBj9GWW64PaXogiVa5Fp51OnM="></latexit><latexit sha1_base64="tqDBj9GWW64PaXogiVa5Fp51OnM="></latexit><latexit sha1_base64="tqDBj9GWW64PaXogiVa5Fp51OnM="></latexit><latexit sha1_base64="tqDBj9GWW64PaXogiVa5Fp51OnM="></latexit>

p�
<latexit sha1_base64="GKipa2tgQXDaMvE5gXEyqHM8aOs="></latexit><latexit sha1_base64="GKipa2tgQXDaMvE5gXEyqHM8aOs="></latexit><latexit sha1_base64="GKipa2tgQXDaMvE5gXEyqHM8aOs="></latexit><latexit sha1_base64="GKipa2tgQXDaMvE5gXEyqHM8aOs="></latexit>

U�
<latexit sha1_base64="PFfCeRLnPQfsMEc1HclN5hCxFk4="></latexit><latexit sha1_base64="PFfCeRLnPQfsMEc1HclN5hCxFk4="></latexit><latexit sha1_base64="PFfCeRLnPQfsMEc1HclN5hCxFk4="></latexit><latexit sha1_base64="PFfCeRLnPQfsMEc1HclN5hCxFk4="></latexit>

p+
<latexit sha1_base64="CIQ/kp4PNOSXtOC60NHy2/nGFsM="></latexit><latexit sha1_base64="CIQ/kp4PNOSXtOC60NHy2/nGFsM="></latexit><latexit sha1_base64="CIQ/kp4PNOSXtOC60NHy2/nGFsM="></latexit><latexit sha1_base64="CIQ/kp4PNOSXtOC60NHy2/nGFsM="></latexit>

Fp
<latexit sha1_base64="EJEQpiYe1qptO2sjHAVWCYO1PNc="></latexit><latexit sha1_base64="EJEQpiYe1qptO2sjHAVWCYO1PNc="></latexit><latexit sha1_base64="EJEQpiYe1qptO2sjHAVWCYO1PNc="></latexit><latexit sha1_base64="EJEQpiYe1qptO2sjHAVWCYO1PNc="></latexit>

x
<latexit sha1_base64="MyiEmFnntf+qNJvnSMVFXu6341g="></latexit><latexit sha1_base64="MyiEmFnntf+qNJvnSMVFXu6341g="></latexit><latexit sha1_base64="MyiEmFnntf+qNJvnSMVFXu6341g="></latexit><latexit sha1_base64="MyiEmFnntf+qNJvnSMVFXu6341g="></latexit>

y
<latexit sha1_base64="Ne219FMGE9f9p0Jycnzrb+NuVNQ="></latexit><latexit sha1_base64="Ne219FMGE9f9p0Jycnzrb+NuVNQ="></latexit><latexit sha1_base64="Ne219FMGE9f9p0Jycnzrb+NuVNQ="></latexit><latexit sha1_base64="Ne219FMGE9f9p0Jycnzrb+NuVNQ="></latexit>



Rotorship Flettner ca 1930 Turbovoile Malavard-Cousteau
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Un avion à ailes tournantes ?

U � !R
<latexit sha1_base64="ryMCyVBM0rCLNSIujgRB1e2L29A="></latexit><latexit sha1_base64="ryMCyVBM0rCLNSIujgRB1e2L29A="></latexit><latexit sha1_base64="ryMCyVBM0rCLNSIujgRB1e2L29A="></latexit><latexit sha1_base64="ryMCyVBM0rCLNSIujgRB1e2L29A="></latexit>

U + !R
<latexit sha1_base64="uZOwiH8jDPFdlIMJe39tcYIuuCI="></latexit><latexit sha1_base64="uZOwiH8jDPFdlIMJe39tcYIuuCI="></latexit><latexit sha1_base64="uZOwiH8jDPFdlIMJe39tcYIuuCI="></latexit><latexit sha1_base64="uZOwiH8jDPFdlIMJe39tcYIuuCI="></latexit>

U ⇠ 200 km/h
<latexit sha1_base64="Lxa3z30wbow1c25qFN8CcavfuTw="></latexit><latexit sha1_base64="Lxa3z30wbow1c25qFN8CcavfuTw="></latexit><latexit sha1_base64="Lxa3z30wbow1c25qFN8CcavfuTw="></latexit><latexit sha1_base64="Lxa3z30wbow1c25qFN8CcavfuTw="></latexit>

!
<latexit sha1_base64="1khB/emEISitTHrEeaw6meHiFwE="></latexit><latexit sha1_base64="1khB/emEISitTHrEeaw6meHiFwE="></latexit><latexit sha1_base64="1khB/emEISitTHrEeaw6meHiFwE="></latexit><latexit sha1_base64="1khB/emEISitTHrEeaw6meHiFwE="></latexit>

!R
<latexit sha1_base64="R8Wv855AYYlPc06dl131Xs4g8to="></latexit><latexit sha1_base64="R8Wv855AYYlPc06dl131Xs4g8to="></latexit><latexit sha1_base64="R8Wv855AYYlPc06dl131Xs4g8to="></latexit><latexit sha1_base64="R8Wv855AYYlPc06dl131Xs4g8to="></latexit>

Fp ⇠ ⇢U�W
<latexit sha1_base64="UINHVfHXMwzVX/92Ld6hUJuiJxQ="></latexit><latexit sha1_base64="UINHVfHXMwzVX/92Ld6hUJuiJxQ="></latexit><latexit sha1_base64="UINHVfHXMwzVX/92Ld6hUJuiJxQ="></latexit><latexit sha1_base64="UINHVfHXMwzVX/92Ld6hUJuiJxQ="></latexit>

Fp ⇠ ⇢U(2⇡R2!)W = Mg
<latexit sha1_base64="aWH3FimqwWrRF6eMeAVW+8E61n0="></latexit><latexit sha1_base64="aWH3FimqwWrRF6eMeAVW+8E61n0="></latexit><latexit sha1_base64="aWH3FimqwWrRF6eMeAVW+8E61n0="></latexit><latexit sha1_base64="aWH3FimqwWrRF6eMeAVW+8E61n0="></latexit>

et � = 2⇡R(R!)
<latexit sha1_base64="vSl9uruPHFDJrpJ9izbTpGgINoM="></latexit><latexit sha1_base64="vSl9uruPHFDJrpJ9izbTpGgINoM="></latexit><latexit sha1_base64="vSl9uruPHFDJrpJ9izbTpGgINoM="></latexit><latexit sha1_base64="vSl9uruPHFDJrpJ9izbTpGgINoM="></latexit>

! ⇠ Mg

2⇡⇢R2UW
<latexit sha1_base64="v8IOKT90rvUprir8WJniIU6phbA="></latexit><latexit sha1_base64="v8IOKT90rvUprir8WJniIU6phbA="></latexit><latexit sha1_base64="v8IOKT90rvUprir8WJniIU6phbA="></latexit><latexit sha1_base64="v8IOKT90rvUprir8WJniIU6phbA="></latexit>

! ' 40 rad/s ' 6, 5 tours/s
<latexit sha1_base64="4d9gRMwf9k6/VfAoKGT//UJIqBU="></latexit><latexit sha1_base64="4d9gRMwf9k6/VfAoKGT//UJIqBU="></latexit><latexit sha1_base64="4d9gRMwf9k6/VfAoKGT//UJIqBU="></latexit><latexit sha1_base64="4d9gRMwf9k6/VfAoKGT//UJIqBU="></latexit>

M ' 500kg, U ' 50m/s,W = 4m,R = 0.3m
<latexit sha1_base64="uzTxnUXiVEBTvm1g82+d3vZ3JHg="></latexit><latexit sha1_base64="uzTxnUXiVEBTvm1g82+d3vZ3JHg="></latexit><latexit sha1_base64="uzTxnUXiVEBTvm1g82+d3vZ3JHg="></latexit><latexit sha1_base64="uzTxnUXiVEBTvm1g82+d3vZ3JHg="></latexit>

Fp
<latexit sha1_base64="rLQV8m63NeGNRE8BxuHuxcMLU84="></latexit><latexit sha1_base64="rLQV8m63NeGNRE8BxuHuxcMLU84="></latexit><latexit sha1_base64="rLQV8m63NeGNRE8BxuHuxcMLU84="></latexit><latexit sha1_base64="rLQV8m63NeGNRE8BxuHuxcMLU84="></latexit>




