
Ge/Ay 137 HW 3

1.      How to chill on Manhattan beach for long periods of time without moving your blanket.

Manhattan Beach is one of the best places to go in LA. At times though, it can get pretty 
crowded. So the trick is to know exactly how close you can leave your stuff to the water without 
the tide coming in and washing away your iPhone. The average slope of the beach is ~7 
degrees. Calculate the height of the tides raised by the Moon and the Sun (how do they 
compare?) and thus compute a safe distance away from the water (to be totally safe, assume 
that you’ve arrived to the beach at low tide).

* extra street cred: show that the tidal bulges raised on your eye by the Moon, Sun and your 
thumb held out at an arm’s length are approximately equal. Thus, convince yourself that the 
angular size of an object in the sky is a pretty good measure of the height of tide that it raises 
(note: this metric fails horribly for Neutron stars, White Dwarves and Black holes).

2.  Does hot mean synchronous?

Hot Jupiters have characteristic orbital periods of ~3 days, circular orbits, radii of ~1.2-1.4 
Jupiter radii and Love numbers of order ~ 0.3 (note: an n=1 polytrope has a Love number of 
0.52). They are typically found around Sun-like stars that are 1-5 Gyr’s old. We don’t know their 
dissipation functions (i.e. tidal Q’s), but for reference, Jupiter’s Q is of order 10,000-100,000. 
Virtually all literature dedicated to atmospheric dynamics of hot Jupiters assumes that much like 
the Moon, these objects are synchronously rotating (i.e. have a permanent dayside and a 
nightside). Is this a reasonable assumption? Write down any thoughts/feelings you have about 
synchronous rotation of these objects. How about for hot Super-Earth’s (assume Love number 
of ~0.3 like the Earth and Q~100, typical of rock/ice)?

3. Capture probability of Mercury

Using adiabatic capture theory, evaluate the probability of capture of Mercury (A-B)/C ~ 0.0001 
into the 3:2 spin-orbit resonance. Is this a big number? What about the 2:1 resonance? Is it 
weird that Mercury has the spin-state that it has? Read through the introduction of Correia & 
Laskar 2009: http://arxiv.org/pdf/0901.1843.pdf - what seems to be a satisfactory solution to the 
problem?

4. Spin of Mercury.

Mercury is an exception among the Solar System’s planets and natural satellites in a sense that 
it is the only object locked in a stable spin-orbit resonance that is not 1:1. By looking at pictures 
of Mercury online, you can convince yourself that Mercury is presently pretty spherical. How 
non-spherical does it have to get to break out of a stable 3:2 resonance and start spinning 
chaotically? To answer this question, write a code to integrate the equations of motion of 
Mercury’s spin in accord with its Keplerian orbit (use Mercury’s current orbit). Then, construct a 
stroboscopic surface of section: 

(I) choose an a-sphericity parameter (B-A)/C and a string of initial conditions (I suggest keeping 
the starting angle the same and only varying the the initial spin rate, say from -3 n to 3 n in 
increments of 0.1 n here n is the mean motion) 

http://arxiv.org/pdf/0901.1843.pdf


(II) integrate each initial condition for N orbits (N can be ~100) 

(III) (on a graph of rotation rate vs orientation angle, record a point only when Mercury goes 
through its orbital initial condition (i.e. evaluate the dynamical state of the spin only once per 
orbital period, at the same orbital phase) 

(IV) play around (i.e. slowly increase) with the a-sphericity parameter (B-A)/C. As a-sphericity is 
increased, more and more of the phase-space will become covered in a sea of points (this is 
called “coarse graining” of phase space and defines a chaotic layer). At roughly what a-
sphericity is the 3:2 resonance completely engulfed in a chaotic sea?

extra street cred: If Mercury were a constant density triaxial ellipsoid, what would its dimensions 
be? How does this compare with dwarf planet Haumea?


