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Evidence I. 
Jupiter’s fiery/

orderly satellites
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time

•Tides raised on Jupiter dissipated, spinning it down, 
•pushing Io (and others) outward 
•occur also for Saturn, Neptune, Uranus...

Lee & Peale ’99

Jupiter’s Q ~ 105  if Io has moved by ~ a over 5 Gyrs
(Goldreich & Soter ’66, Peale & Greenberg ’80)

recent claim of direct measurement Q/k2 ~ 10^5
(Lainey et al ’09)
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msini < 5 MJ

Evidence II. 
Close-in Giant 
planets have 

experienced tidal 
circularization.

exoplanet
  Q ~ 105
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~1% stars have hot jupiters (Marcy et al ‘06)

All planets > 0.1 MJ

Evidence III. 
origin of hot 

jupiters

Ford & Rasio ’99
Wu & Murray ’03,
Nagasawa et al ’10
Wu & Lithwick ’11

hot jupiters
cold jupiters
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Evidence IV. 
tidal inflation (?) orbital energy: ~ 400 eV/baryon

binding energy: ~ 30 eV/baryon

Leconte et al (’10)
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For these applications, need physics of 
Tidal dissipation inside giant planets
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Tidal dissipation (dynamical tides)
1) Tidal Potential  excites internal oscillations
2) internal oscillations damped
and energy/angular momentum transferred
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Tidal forcing frequency (in the rotating frame)

inertial waves

synchronization,   circularization

Jupiter-Io

exo-jupiters 
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Inertial waves in Earth atmosphere (Rossby waves, vortex)

jet stream

Inertial waves in experiments
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inertial waves in a convective sphere

Wu ‘05a

core-less

Ogilvie & Lin ’04

cored
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Papaloizou & Ivanov ’10
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Coreless model: 

Wu ‘05b
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Q=107

Ogilvie & Lin ’04

cored model: bigger dissipation? or numerics?

Q=105
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inertial waves: short 
wavelengths

tidal potential: long 
wavelength

n1=7,n2=2

Why do inertial waves fail?
1) spatial mismatch

Tidal Overlap

Pena & Wu ‘in prep
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Why do inertial waves fail?
2) sweep through strong resonances too fast

Jupiter-Io

exo-jupiters 
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(talk by Arras)

Same failure for stellar tides
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Summary:

•strong evidences for tidal dissipation in giant planets

•inertial waves fail to explain Q ~ 105

•failure understood:
weak coupling between tide and waves
quick sweeping through resonances

•but future path not
   locking,  B,    A2,    ∇Ω,    ∇S
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KOI 54  (Welsh et al ’11,  Fuller & Lai ’11, Buckart et al ’11) 
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WASP-33  (Cameron  et al ’11)
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a natural seismometer

mass resolution 1/1017

freq. resolution 1/106

Hope for detecting 
internal waves in 

giant planets

Juno 2016

More data!
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