
GE/AY 133 Problem Set #6  
Due Tuesday May 21 at 5 pm 
 
1. Sub-Jovian Planet Migration 

 
(a) Equation (7.37) of Armitage’s book gives an expression for type-I migration timescale of 
sub-Jovian planets. Assuming a MMSN-like disk with a surface density of 2000 g/cm^2 and a 
surface density profile that scales inversely with orbital radius, equate this timescale to 1, 3, 
10Myr and plot it on a radius-mass diagram. 

 
(b) Look at an equivalent plot of the data at https://exoplanetarchive.ipac.caltech.edu. What 
fraction of detected exoplanets are in conflict with the simple formation->migration picture? Can 
you think of a way out? 

2. Giant Planet Migration 

(a) Large planets open gaps in disks and then become tied to the evolution of the disk. Thus, if 
the disk is evolving on the viscous timescale, the planet will also migrate on the viscous 
timescale. Based on the viscous disk evolution timescale discussed in class, write an approximate 
expression for the speed of the migration for a giant planet which has formed a gap.  

(b) Assume that every planetary system forms planets at 5 AU and then these planets migrate 
inwards on the viscous timescale. Then, at some random time, the gas in the disk instantly 
disappears (halting migration). If this happens in a huge set of planetary systems, what 
distribution of semi-major axes might you expect to observe in planetary systems? (You can try 
your own simulation, or else create a sketch of what you think it will look like.)  

(c) Compare this predicted distribution to that of giant extrasolar planets. Be sure to consider the 
(severe) biases in the discoveries of extrasolar planets. Again, you can make your own up-to-date 
plot of the semi-major axis distribution, and many other correlations, starting at the link: 
https://exoplanetarchive.ipac.caltech.edu  

 (d) In what ways is the process suggested in part (a) realistic? In what ways is it not?  

3. Observational Evidence 

Summarize what you interpret to be actual observational evidence for orbital migration (you can 
include thoughts about the solar system as well). What is the characteristic range of migration 
that is required (e.g. factor of 2? 10^2)? 

 


