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About Me:

| grew up near St. Paul, MN

| got my BS in Physics at lowa
State University, in Ames, |A

|l got my PhD in Planetary Sciences
from the University of Arizona, in
Tucson, AZ

| was a postdoc at NASA Ames for
4 years, in Mountain View, CA
*|’'ve been at UCSC for 6+ years
*My wife is a librarian/lawyer for
the UC-wide library system, and
we have two boys, Finn and
Graham, ages 6 and 4

| am predominantly a theorist and
modeler that tries to understand
the atmospheres, interiors, and
compositions, of planets

| work about 90% on exoplanets
and 10% on solar system planets
*Most of my PhD work was on
trying to understand “helium rain”
in the deep interior of Saturn




Astronomy 118
Physics of Planetary Systems

Professor Jonathan Fortney
Winter Quarter 2012
MWE: 2:00-3:10 p.m., Earth & Marine Sciences B210

This class 1s designed primarily for physics, astrophysics, and earth & planetary science students
in their junior or senior year. Two years of college physics and multivariable calculus are highly
recommended as preparation.

The course will take an “astronomical” point of view of the science of planetary systems, with
less of a focus on the specifics of our solar system. The course is not really an astrobiology class
either, but will focus on planets as astronomical objects. This is an exciting time to study
planetary systems, as we are now in the midst of a dramatic transformation in our understanding
of how our planetary system fits within the galaxy.

Main Topics: Star formation, planet formation, exoplanet detection, statistics of known
systems, planetary atmospheres, planetary interiors, and habitability. Mostly we will focus on
Chapters 1-4, 6-9 in our textbook (see below), and I will also occasionally give out
supplementary material to read. You will also do some writing, based on articles I give you to
read.
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In addition to the midterm, final, and six homework assignments, a quarter project will be
required, which is a 10-page review of a current topic in extrasolar or solar system planets.

Final Exam: Friday, March 21, 4:00-7:00 p.m.
Required Textbook: Caleb Scharf, Extrasolar Planets and Astrobiology, 2008.

Contact info for Professor Fortney:

Class Web: www.ucolick.org/~jfortney/118.htm

Office hours: Thursdays, 2-3:30 p.m., ISB 275, or by appointment
E-mail: jfortney@ucsc.edu

Phone: 2-7285

Course Requirements and Grade Fraction:

1 in-class midterm, open notes/book 20%
1 final exam, open notes/book 30%
Quarter project 15%
6 homework sets 35%

Other Issues:

This class will be graded on a curve, so I cannot estimate what percentage you will need for a
given grade. Do your best. I will let you know where you stand as the class progresses.

It is OK to work together on homework problems, but you must write up and turn in your own
work.

Please the see the “Official University Policy on Academic Integrity for Undergraduate
Students” at: http://undergraduate.ucsc.edu/acd integrity/index.html



General Course Plan

1) Introductory Material

2) Star Formation

3) Planet Formation

4) Exoplanet Detection

5) Atmospheres of Planets

6) Interiors and Surfaces of Planets
7) Habitable Zones
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The Shape of Exoplanet Science Today:
Where the Planets are and What We’ve Learned




The “Olden Days” was not very long ago

"Year of discovery" vs "Planet Mass" (661)
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Planet Mass in Earths

Known Exoplanets: 9+160+3=172 (Jan 2006)
Orbit Period in Years gfor Solar—Mass Star)
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Pre-Kepler Transiting Planets - 2009
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Kepler Candidates as of June 2010
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Kepler Candidates as of February 1, 2011
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Kepler's Planet Candidates  ,.a
22 Months: May 2009 - Mar 2011 e
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Orbital Eccentricity
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And Structure Of Planets Aro




© The News-Journal Corporation, www.news-journalonline.com. Photo by Jim Tiller.
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Kepler is designed to find Earth-sized planets in

Earth-like orbits around Sun-like stars
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Showcasing the Kepler Planets

Kepler monitored about 150,000 stars every 30 minutes
The team announced 200 “confirmed planets” so far

Kepler has announced 3500+ candidates, around 90% of which
are thought to be real planets

— Previous number of known exoplanets was 600

How do we visualize these 3500+ planets when we know so
little about them?

No pictures!!!

31
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The frequency of planets within 85 days of Sun-like stars
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Stars within 30 lightyears of the Sun
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The frequency of planets within 50 days of M stars
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Kepler-11

*The most densely-packed
planetary system yet found

5 planets within the orbit of
Mercury

*Masses obtained only from
Transit Timing Variations,
with no Stellar RV

*Relatively low density for all
planets implies thick H/He
atmospheres for most






Kepler-11: Picking out the Planets
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Detrended flux

Kepler-11: Lightcurves and Transit Times
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For the Rest of the Week:
Read Chapter 1 in Our Book



