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http://www.youtube.com/watch?v=a2D7IqKyIdA





“At Least One in Six Stars Has 

an Earth-sized Planet”

NASA Kepler mission 

announcement, January 2013



There are in fact 100 billion galaxies, each of 

which contain something like 100 billion stars... 

We find that we live on an insignificant planet, 

of a humdrum star, lost in a galaxy, tucked away 

in some forgotten corner of the universe, in 

which there are far more galaxies than people.

-- Carl Sagan, Cosmos (episode 1)



Far out in the uncharted backwaters of the unfashionable end of the 

Western Spiral arm of the Galaxy lies a small unregarded yellow sun. 

Orbiting this at a distance of roughly ninety-eight million miles is an 

utterly insignificant little blue-green planet whose ape-descended life 

forms are so amazingly primitive that they still think digital watches are 

a pretty neat idea.

-- Douglas Adams, Hitchhiker’s Guide to the Galaxy





Why study planets?

- We live on one

- Where did we come from?

- Are we alone?

- “Extreme” conditions



Earth-Sun distance = 150 million km

about 10,000 Earth diameters



closest approach to Earth = 5.4 million km



The terrestrial planets

Venus

Mercury

Earth

Mars



The gas giants

Saturn

Jupiter

Uranus Neptune



Internal structure

Uranus

Jupiter
Earth

Rocky core
(<10 Earth 
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Metallic 
hydrogen

Molecular 
hydrogen



Overall architecture of the Solar System

Kuiper belt

Asteroid belt

Who ordered that?





Dusty disks around forming stars: building blocks of planets



A history of exoplanet discoveries 

Jupiter

Neptune

Earth



Alien planets show themselves for 
the first time
---- NYT March 23, 2005

Studies of 2 Alien Planets Show No 
Evidence of Water
---- NYT February 22, 2007

We are moving from 

planet discovery to 

characterization



Planet hunting: Radial velocity searches

• Look for the wobble of the star as it orbits 

the center of mass of the star-planet 

system

• Use the Doppler effect. The size of the 

expected signal is

• The best measurements today measure 

wavelength shifts of 1 part in 300 million

orbital velocity 

of Jupiter

mass ratio of 

Jupiter to the 

Sun

times

we are looking for a 10 m/s signal

or a wavelength shift of only     

1 part in 30 million!



Planet hunting: Transits

• The planet passes in front 

of (transits) the star and 

we look for the dip in the 

stellar light

• The dip is 1 part in (RP/RS)2 

~ 100 for Jupiter

• We can use the signal to 

get the radius of the planet

• If we can also measure the 

radial velocity, we know 

the planet mass and 

radius => start to learn 

about the structure of 

these planets!



Planet hunting: transits

• An example transit lightcurve 

for the hot jupiter HD 189733b

• This data is from the Canadian 

space telescope MOST           

(led by Jaymie Mathews UBC)



The Kepler mission

• Launched March 6, 2009

• Is monitoring 100,000 stars to 

look for transits 

• Has so far announced almost 

3000 planet candidates

• The goal is to detect Earth-like 

planets in the habitable zone



4.5 million stars in 

the field

100,000 to be 

searched for planets



Direct imaging of planets

• This system was 

announced by a team 

including Rene Doyon of 

University of Montreal

• Three planets orbiting a 

young star (about 60 

million years old) with 

masses between 5 and 

13 times Jupiter

• Extremely difficult 

because the star is so 

much brighter than the 

planets. We look at 

infrared to increase the 

contrast, and at young 

stars so that the planets 

are still young and hot.



Gravitational microlensing

• A star with a planet 

moves between us and 

a distant star. The 

distant star becomes 

temporarily brighter 

because of 

gravitational lensing.

• Sensitive to planets at the 

distance of 2-4 AU.  For high 

magnification events, we get 

a “snapshot” of all planets at 

these orbital distances.

• Can detect planet masses 

down to ~ Earth mass at 

these orbital distances

d best-fit model of the OGLE-2006-BLG-109Lb,c two-planet



Exoplanet catalogs on the web

• The Extrasolar Planets Encyclopedia

• exoplanets.org

• JPL Planet Quest website

• As of today (8th February 2013) exoplanets.eu lists 862 planets

http://exoplanets.org

http://exoplanet.eu

http://planetquest.jpl.nasa.gov



Other Solar Systems?  Yes and no .. 

Jupiter

Earth

ROCKY PLANETS

GAS GIANTS



A new ingredient: Migration

Movie from 

Phil Armitage, 

Colorado



beta-Pic



Eccentric orbits

Orbits are circular

Orbits are not circular 

(elliptical)

Diana Dragomir



Planets tend to orbit in the same plane

Kepler -11 system



The Habitable Zone

Picture credit: ESO



Tatooine planets



Planet radii tell us about internal structure

Seager et al. (2007)



55 Cancri e:   a “diamond planet”? discovered by Dawson et al. (2010)



Winds on hot jupiters

Dobbs-Dixon et al. (2010)



Secondary eclipse of hot jupiters

Results from the Spitzer space telescope

by Knutson et al. (2009)



Ohmic heating in gas giants
w/ Chelsea Huang Princeton

=



CFBDSIR2149:    Another example of a directly-imaged object

Young “free-floating” planet  (50-120 Myrs old)

4-7 times Jupiter’s mass

About 700K temperature



How do gas giant planets form?

Gabriel-Dominique Marleau



Citizen science: planethunters.org



http://www.astro.physics.mcgill.ca/astronight.php



It has been a fantastic seven years of 

Homer’s physics... 

• Next anniversary - a department field trip ?

($200,000 a ticket)


