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Last  Week - Dynamics 
• Reynolds number, turbulent vs. laminar flow 

• Velocity fluctuations, Kolmogorov cascade 

• Brunt-Vaisala frequency, gravity waves 

• Rossby waves, Kelvin waves, baroclinic instability 

• Mixing-length theory, convective heat transport 
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This Week - Exoplanets 
• Two lectures (Monday & Friday) 

• Jonathan Fortney (Astro.) will give Friday’s lecture 

• A very fast-moving field 

• What we will cover: 

– Detection techniques 

– Statistical properties of exoplanets 

– Some individual exoplanet characteristics 

• Mostly non-quantitative, but a good reminder of 

topics already covered 

 
Thanks to Richard Nelson (QMUL) for useful slides! 
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1. Detection Methods 
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Radial Velocity 

• Only gives M sin I  (not M) 

• What are the biases? 

• Earliest technique that was successful (1995) 

• Detecting an Earth-mass body at 1AU: 10 cm/s precision 
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Transit 

• Gives radius (relative to stellar radius), not M (unless 

there are planet-planet interactions) 

• What are the biases? 

• Primary and secondary eclipses give information about 

atmosphere (absorption and emission, respectively) 

• RV and transit are most effective when combined 



F.Nimmo EART164 Spring 11 

Kepler  (RIP?) 

• Orbits at L2, stares at 150,000 stars looking for transits 

• Has discovered thousands of planets 

• Most are too faint to be detectable with RV 

• M can sometimes be got from transit timing variations 
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Gravitational lensing 

• Limited usefulness 

(why?) but good at 

detecting really small 

and/or long period 

planets 
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Direct Imaging 

• Planet orbiting at ~100 AU, interacting with dust disk 

• Direct imaging gives no direct constraint on mass or 

radius 

• Good for long period planets and atmospheric 

characterization 
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2. Statistical Characteristics 
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Statistical Properties 

• Characterization of individual planets is 

currently very rudimentary 

• But statistics are good and getting better  

• So we can start to characterize the statistical 

properties of planets 

• This is useful for distinguishing e.g. between 

different models of how they formed 

• But it means we really need to understand the 

observational biases 
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Mass and Period 

• What are the biases? 

• Remember that transits 

provide radius not mass 

• Planets much larger than 

Jupiter are rare (“brown 

dwarf desert”) 
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Kepler Results 

• Neptune-sized bodies are most common 

• Multi-planet systems mostly have low radii 

• False positives are a problem – how to fix? 

• Many of these are “planet candidates” 
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How common are exoplanets? 

Image courtesy Eric Petigura, Berkeley 
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Eccentricity / Inclination 

• Many exoplanets are highly eccentric 

• This is very different to our own solar system 

• What is the cause? 

• Inclinations show similar variability – but here 

it may be that the star has been reoriented (!) 
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Metallicity 

• Planets are more common around stars with higher 

“metallicities” 

• This suggests that core accretion is how giant planets 

form 
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Mass-radius relationships 

• Inflated hot Jupiters – why? 

• Degeneracies – water planets 

vs. H/He + rock 

Image courtesy Eric Lopez 
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Multiple planet systems 

• Near-resonances are common – why? 
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3. Individual Systems 
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Kepler-11 

• 6 planet system, closely-packed 

• Roughly Neptune-sized bodies 

• How did they form? 
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Mass-Radius Relationships 
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Kepler-10b 

• Most “Earth-like” 

structure yet found 
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Kepler-16b 

• First known circumbinary planet 
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Kepler-62 
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End of lecture 
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How do we detect them? 

• The key to most methods is that the star will move 

(around the system’s centre of mass) in a detectable 

fashion if the planet is big and close enough 

• 1) Pulsar Timing 

 

 

 

• 2) Radial Velocity 

planet 

pulsar A pulsar is a very accurate clock; but there will 

be a variable time-delay introduced by the 

motion of the pulsar, which will be detected as 

a variation in the pulse rate at Earth 
Earth 

planet 

star 

Earth 

Spectral lines in star will be Doppler-shifted by 

component of velocity of star which is in 

Earth’s line-of-sight. This is easily the most 

common way of detecting ESP’s. 



F.Nimmo EART164 Spring 11 

How do we detect them? (2) 

• 2) Radial Velocity (cont’d) 

The radial velocity amplitude is given by 

Kepler’s laws and is 
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Does this make sense? 

From Lissauer and Depater, Planetary Sciences, 2001

Note that the planet’s mass is 

uncertain by a factor of sin i. The 

Ms+Mp term arises because the star 

is orbiting the centre of mass of the 

system. Present-day instrumental 

sensitivity is about 3 m/s; Jupiter’s 

effect on the Sun is to perturb it by 

about 12 m/s.  
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How do we detect them? (3) 
• 3) Occultation 

 

 

 

 

 

 

 

 

Planet passes directly in front of star. 

Very rare, but very useful 

because we can: 

1) Obtain M (not M sin i) 

2) Obtain the planetary radius 

3) Obtain the planet’s spectrum (!) 

Only one example known to date. 

Light curve during occultation of HD209458. 

From Lissauer and Depater, Planetary Sciences, 2001

• 4) Astrometry  Not yet demonstrated. 

• 5) Microlensing  Ditto. 

• 6) Direct Imaging  Brown dwarfs detected. 
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What are they like? 

• Big, close, and often highly eccentric – “hot Jupiters” 

• What are the observational biases? 

From Guillot, Physics Today, 2004 

Jupiter Saturn 

HD209458b is at 

0.045 AU from its 

star and seems to 

have a radius which 

is too large for its 

mass (0.7 Mj). Why? 

Note the absence of high 

eccentricities at close 

distances – what is causing 

this effect? 
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What are they like (2)? 

• Several pairs of planets have been observed, often in 

2:1 resonances 

• (Detectable) planets seem to be more common in 

stars which have higher proportions of “metals” (i.e. 

everything except H and He) 

Sun 

Mean local value of 

metallicity From Lissauer and Depater, 

 Planetary Sciences, 2001 

There are also claims that 

HD179949 has a planet with 

a magnetic field which is 

dragging a sunspot around 

the surface of the star . . .  
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Puzzles 
• 1) Why so close? 

– Most likely explanation seems to be inwards migration due 

to presence of nebular gas disk (which then dissipated) 

– The reason they didn’t just fall into the star is because the 

disk is absent very close in, probably because it gets 

cleared away by the star’s magnetic field. An alternative is 

that tidal torques from the star (just like the Earth-Moon 

system) counteract the inwards motion 

• 2) Why the high eccentricities? 

– No-one seems to know. Maybe a consequence of scattering 

off other planets during inwards migration? 

• 3) How typical is our own solar system? 

– Not very, on current evidence 
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Consequences 
• What are the consequences of a Jupiter-size planet 

migrating inwards? (c.f. Triton) 

• Systems with hot Jupiters are likely to be lacking any 

other large bodies 

• So the timing of gas dissipation is crucial to the 

eventual appearance of the planetary system (and the 

possibility of habitable planets . . .) 

• What controls the timing? 

• Gas dissipation is caused when the star enters the 

energetic T-Tauri phase – not well understood (?) 

• So the evolution (and habitability) of planetary 

systems is controlled by stellar evolution timescales – 

hooray for astrobiology!  
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Secondary Transit 

 


