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 the Lidov-Kozai effect
 classic (e’=0) L-K
 eccentric (e’>0) L-K
 summary

(Not atmospheric/oceanic science at all)



a strict order from

prof. Ishiwatari

“Give a talk! I’ll give you 10 min.

Tell us something about orbital 
dynamics.”

“Is something that has nothing to do with 
your meeting subject fine?”

“Very fine, as long as it is interesting.”

“Hmm...”



the Lidov-Kozai effect

 in hierarchical (restricted) 3-body problems

when orbital inclination is large

the perturbed body’s eccentricity+inclination
can oscillate with a large amplitude

 with libration of argument of pericenter

the orbit sometimes flips (i >90o)

 when perturber’s orbit is elliptic



orbital elements
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reducing degrees of 

freedom (standard procedure)

 if e’=0 (circular restricted 3-body system)

 disturbing potential is axisymmetric

 (1-e2)cos2i = Lz
2 is conserved

 fast-moving angles can be averaged out

 averaged disturbing potential R is conserved

 degrees of freedom g 1

 system becomes integrable R (e,g) = const.

 can draw 2D equi-potential contours



equi-potential contours
on the (e cos g, e sin g) plane
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examples in the real world

 near-Earth asteroids

 irregular satellites of jovian planets

 Pluto and TNOs

 Oort cloud comets

 artificial satellites around the Earth

 examples in exoplanetary systems

 examples in stellar dynamics



Nesvorny+ (2003)
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ADS search result 1.

keywords:
“climate”
&
“Kozai”
in abstract
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in abstract



textbooks

e.g.
Shevchenko (2017)



eccentric L-K (e’>0)
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orbital elements (zoom out x 20)
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not integrable anymore

 disturbing potential is not axisymmetric

 (1-e2)cos2i = Lz
2 is not conserved

 cannot draw 2D equi-potential contours

 things happen stochastically

 orbits sometimes flip (i > 90o), and flip back

 e closely approaches 1

 theory is not established yet (2011-)



examples in the real world

 retrograde SSSBs (NEAs, comets, ...)

 irregular satellites of jovian planets

 retrograde hot jupiters

 many other examples in
 exoplanetary systems

 stellar dynamics

 compact object dynamics (white dwarfs, 
neutron stars, black holes, …)



retrograde hot jupiters

 orbit flip by eLK g tidal circularization
 origin of retrograde hot jupiters (~25%)

Naoz+ (2011)
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a review article

Naoz (2016, ARAA)



comments for meteologists

in the real world
 the L-K effect often causes instability

 your planets may not survive for a long time

 usually there are more than 3 bodies

 real dynamics is more complicated

 but the 3-body approx. works out in most cases

 no discussion on rotational dynamics, but

 it is more significant than orbital dynamics

 you must assume/calculate it separately

 resonance, precession/nutation, tide, whatever

 the calculation would be far more complicated



thank you


