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Mechanism: basic concept



  

Mechanism: basic concept



  

Key vocabulary: the LE, inertia, bulge

Liouville equation (LE):



  

Key vocabulary: the LE, inertia, bulge

Liouville equation (LE):

Tisserand frame:

Inertia tensor:



  

Key vocabulary: potentials, torques

centrifugal:

tidal:

locked body:



  

Key vocabulary: potentials, torques

centrifugal:

tidal:

locked body:



  

Mechanism: step by step (Earth)

Matsuyama I., Nimmo F., and Mitrovica J.X. (2014): Planetary reorientation. Ann. Rev. Earth Planet. Sci.
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Mechanism: wobble

          90                          180                           Longitude                             0                               90

90
  

 L
at

itu
de

  
  9

0

ω || MIA

Matsuyama I., Nimmo F., and Mitrovica J.X. (2014): Planetary reorientation. Ann. Rev. Earth Planet. Sci.



  

Mechanism: bulge readjustment
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Matsuyama I., Nimmo F., and Mitrovica J.X. (2014): Planetary reorientation. Ann. Rev. Earth Planet. Sci.



  

Mechanism: bulge readjustment
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Mechanism: load to equator scenario
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Matsuyama I., Nimmo F., and Mitrovica J.X. (2014): Planetary reorientation. Ann. Rev. Earth Planet. Sci.



  

Mechanism: rotation vs. tides

rotational axis

rotational axis

tidal axis S

Rotation: bulge perpendicular to ω axis
Tides: bulge along the tidal axis

when tidally locked:



  

TPW: methods (Earth)

Recently:



  

TPW: methods (moons)

Recently:

The glory:



  

Dynamics of reorientation



  

Fossil (or remnant) bulge

Keane and Matsuyama (2014): Evidence for lunar true polar wander and past low-eccentricity,...

Matsuyama I., Nimmo F., and Mitrovica J.X. (2014): Planetary reorientation. Ann. Rev. Earth Planet. Sci.



  

Equilibrium reorientation

Matsuyama I., Nimmo F., and Mitrovica J.X. (2014): Planetary reorientation. Ann. Rev. Earth Planet. Sci.
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Dynamics: PWL approach of Hu et al.

Transformation of coordinates:

Linearized Liouville equation:

ω
MIA
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Dynamics: PWL approach of Hu et al.

Transformation of coordinates: Tidal axis wander: iterations

Linearized Liouville equation:

ω
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Dynamics: PWL approach of Hu et al.

Transformation of coordinates: Tidal axis wander: iteratations

Linearized Liouville equation:
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Dynamics: PWL approach of Hu et al.

Test case (Triton): positive load placed at 75°N, 15°E 



  

Dynamics: PWL approach of Hu et al.



  



  

Pluto: Sputnik Planitia basin

Keane et al., 2016: Reorientation and faulting of Pluto 
due to volatile loading within Sputnik Planitia, Nature

Nimmo et al., 2016: Reorientation of Sputnik Planitia 
implies a subsurface ocean on Pluto, Nature



  

Pluto: Sputnik Planitia basin

Keane et al., 2016: Reorientation and faulting of Pluto 
due to volatile loading within Sputnik Planitia, Nature



  

Pluto: Sputnik Planitia basin



  

Dynamics of reorientation: Straight or not?

Equilibrium orientation
• only the final state
• “quasi-steady” dynamics

Small satellites
• Mh/M large

Are load paths in the bulge-fixed 
frame straight or not?



  

Dynamics of reorientation: Straight or not?

Patočka et al.: Dynamic reorientation of tidally locked bodies: Application to Pluto, in prep



  

Equilibrium reorientation



  

Dynamics of reorientation: Straight or not?

Patočka et al.: Dynamic reorientation of tidally locked bodies: Application to Pluto, in prep



  

General appeal: use energy balance



  

Future perspectives: stress

Matsuyama I., Nimmo F., and Mitrovica J.X. (2014): Planetary reorientation. Ann. Rev. Earth Planet. Sci.



  

Future perspectives: stress

Keane et al., 2016: Reorientation and faulting of Pluto due to volatile loading within Sputnik Planitia, Nature

Equilibrium orientation
• “quasi-steady” dynamics:  trelax « tload « tstress



  

Time? Quiz?



  

Conclusions

◘  The “ow||mMIA” method – at your command

◘  TPW rates can vary by orders of magnitude and can be checked

◘  Positive and negative loads act differently as Mh/M decreases



  

TPW: methods overview

Lefftz et al. (1991)
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