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Static tide (Jeans prolate spheroid)
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Potential at M*
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Dynamical tide

Introduces phase lags:
COS \y =2 COS (y—¢)

Decomposes
COS (y—e) =» COS y + € SIN y
elastic+anelastic



| oM (1,0, 0)

Force acting on M (due to elastic tide)

F.=4%(r) torque=0
F,=0 -> <W>=dissipation=0
F3=O de/dt=0



Recent theories (of the anelastic tide):
Efroimsky, Lainey, Williams (2007-2012)
Remus et al. (2012)

Ogilvie & Lin (2004)

Greenberg (2009)

S.Ferraz-Mello (2012-2013)

Correa, Boué, Laskar & Rodriguez (2014)

*All of them depart in a larger or lesser extent from Darwin’s
theory.



Anelastic
Tide

Alm:
* Substitution of plugged
ad hoc lags by one physical law

New theory

S.Ferraz-Mello
DDA 2012 (astro-ph 1205.3957)
Cel.Mech.Dyn.Astron.116,109(2013)
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Relaxation factor
(critical frequency)

Approx. Solution of the
Navier-Stokes equation

Ref:. Happel and Brener, Low Reynolds number
Hydrodynamics, Kluwer, 1973 + Darwin, 1879
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g} cos(2¢p* — 2w + 2v).

0.D.E. for ¢(t)

w = wy — {21.

Simplifications (here!):
homogeneous bodies
equator = orbit plane; 6* = rt/2



solution

3 .
. 15pRsin?0* (M [ R\ <~ En(e)cos(2a +kl—o
(=Ce 4R+ = k(€) cos(2a + k)
8 m a) = Vit + (v + kn)?

- Superposition of tidal bulges
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F=gradU -> dW/dt=F.v

Energy dissipation
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Comparing to Darwinian linear theories:

Q-=- (x+ %) y=Freq/y
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SYNCHRONIZATION

Simulations
near v=0

(normalized variables) , |
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.If cO>=0 Stationary or pseug:lo-
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{unit: 10

(X) = Y(X+27/y)-y(X)

The Intersections

A Cunit: 107
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are attractors

N.B.
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supersynchronous
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(ex: stars, hot Jupiters)
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Alwfry Cunit: 106M

Afwind [unit: 107
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STARS (highv)
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Then, for solar-type stars
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CoRoT 2: A young star
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Result:
Age < 200 Myr

SFM et al. Astrophys. J. (in press)



CoRoT 33: A paradigm
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Two Interesting F star cases:

CoRoT 15b BD (m=63.3 Jup) around a F7V star
Orbital period: 3.06d
Star rotation: 29-3.1d

KELT 1b BD (=27.4 Jup) around a F5 star
Orbital period: 1.217 d
Star rotation: 1.348 £ 0.4 sin |



THE END
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