Ethan Dederick

Varying Sources of
Jovian Mode Excitation



Excitation Options

e Turbulent Convection
 Moist Convection
* Kappa Mechanism

 Helium Rain

e Other?
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Water Loading Cycle

As atmosphere cools, dry air cools faster leaving moist air at a higher
temperature and lower density

* Troposphere is stably stratified
Moist parcels cool and water condenses it — sinking to cloud base

Temperature of now dry "moist” parcels =T,
* Loss of stratification

nvironment

Warm layer at cloud base accelerates via buoyancy force into a cloud
column

Warm cloud column becomes unstable and returns to equilibrium
between pressure gradient and Coriolis force

Process repeats



Entraining Jet Model

* 1-D steady state entraining jet model

* Solve for temperature profile of the
cloud using thermodynamics: heat
transfer between cloud and
surroundings

* Velocity profile solved using buoyancy
and gravity (neglect Coriolis)

* Vary RH, R, and a
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Enough Energy? - Assumptions

* All energy from moist convection is converted to oscillations —no
partitioning

* Every square km of a storm is a direct result of an entrained jet, not
wind shear

 Convective turnover time is the shortest possible (3 hrs)

* Surface displacements are 1 meter

* Vorontsov et al. 1976 and Bercovici & Schubert 1987 predict global
oscillations with surface amplitudes of 10 — 100 cm/s

* Gaulme et al. 2011 observe ~ 49 cm/s
* Implies surface displacement of 5o-100 meters



Enough Energy? - Numbers

* Rho*v2 per turnover time gives power (R=12000 km gives 10*+W)

* Gierasch et al. 2000 measure moist convective storm with geag W
for 1000 x 1000 km

* Using maximum surface power density of storms and storm
surface density given by Gierash et al. 2000 (0.66e-9 km™2)

1.35 X 10*9 erg/s
Of maximum available energy



Enough Energy? — Numbers

* Gudkova & Zharkov 1999 calculate mode energies
* Fundamental (n=0) I=2 mode has 6.4 x 10%° erg/period
* Period ranges from 75 to 1600 minutes

6.67 x 10* erg/s
Of minimum required energy (for one mode!).
2 orders of magnitude larger than what's available.
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 Moist Convection

e Resonance

* Kappa Mechanism
* Helium Rain

e Other?




Kappa Mechanism

A Pressure forces exceed B Pressure and gravity balance C Gravity exceeds pressure:
gravity: Pulsating star but inertia makes the pulsating Pulsating star begins fo

begins to expand star expand further contract

Gravity

D Pressure and gravity
balance but ineria
makes the pulsating
star contract further
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o Hot Jupiter
HR-Diagram
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DJ Mechanism
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Simple Harmonic Oscillator

2

Ty —x(t) + anix(t) + wix(t) = AS(t — ty)

x(t) = Ce " sin[(w3 — n?)1/2t| + xge " cos|(wi — n?)Y/2t]
dxg
A+ It + nxg

¢ = (wo 2)1/2




Simple Harmonic Motion
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Need:

. Frequencies

. Damping
Rate

. Storm
Duration

. Storm
frequency

. Excitation
function

Displacement (km)
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Need:

1. Frequencies
« ~few hundreds of uHz

2. Damping Rate
* Frequency dependent?

3. Storm Duration
* >12 hrsto days—Gierasch et al. 2000
e Continuous excitation?

4. Storm frequency
* 0.66x109km=

5. Excitation function
* What form should it take? — Does it truly
affect the long-term solution?

Questions?



