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Finding Extrasolar Planets. I 
Direct Searches 

Direct searches are difficult because stars are so bright. 



How Bright are Planets? 
Planets shine by reflected light. 
 
The amount reflected is the amount received 
 (the solar constant)  
 
   - Times the area of the planet 
 
   - Times the albedo (reflected), or 
   - Times (1-albedo) (emitted) 
 
Lp = L*/4πd2 x a x πRp

2 ~ L* (Rp/d)2 
 

For the Earth, (Rp/d)2 ~5 x 108 
 
For Jupiter, (Rp/d)2 ~108 
 



How Bright are Planets? 
You gain by going to long wavelengths, 
where the Sun is relatively faint, and 
the planet is relatively bright. 



Parallax 



How Far are Planets from 
Stars? 

By parallax, 1 AU = 1“ at 1 pc 
• 1 pc (parsec) = 3.26 light years 
• 1“ (arcsec) = 1/3600 degree 

As seen from α Centauri (4.3 LY): 
• Earth is 0.75 arcsec from Sol 
• Jupiter is 4 arcsec from Sol  

Can we see this? 
 Yes, but it takes special 
 techniques, and is not easy. 



HR 8799 
(A5V) 



Fomalhaut 



Finding Extrasolar Planets. II 
Transits 
 



Transits 

Transits requires an edge-on orbit. 
• Jupiter blocks 2% of the Sun's light 
• the Earth blocks about 0.01%. 
 
 

Artist’s Conception 
Venus, 8 June 2004 



How Transits Work 

 
 



Finding Extrasolar Planets. III 

Astrometric 
Wobble 
 



Finding Extrasolar Planets. IV 

Most planets have been found by Doppler Wobble 
     (radial velocity variations). 
This selects for massive planets close to the star. 
 
 



Orbits 
Planets do not orbit the Sun - they both orbit the 
center of mass. 
 
The radius of the orbit is inversely proportional to the 
mass 
The radius of the Sun’s orbit with respect to the Earth 
is 1/300,000 AU, or 500 km 
 
R1 M1 =  R2 M2;    a = R1 + R2 
 
This is Newton’s law  of equal and opposite 
reactions. 
  



Orbital Velocity 
 V = 2πr/P 
•  r is the radius of the orbit 
•  P is the orbital period 
•  V is the orbital velocity 

How fast does the star “wobble”? 
 
Kepler’s 3rd law: P2 = a3    
a ~ rp                   (M* >> Mp) 
r* = mp/m* rp   (center of mass) 
 
V* = 2π mp/m* / √ (rp)1/2 
V¤⊕ = 2 cm/s; V¤J = 3 m/s 



Doppler Effect 
Emission from a moving object is shifted in wavelength.  
•  The emission is observed at longer wavelengths (red shift) for 

objects moving away, and at shorter wavelengths (blue shift) for 
objects moving towards us. 

•  dλ/λ=v/c 
•  dλ is the shift is wavelength,  
    λ: the wavelength 
    v: is the velocity of the source,  
    c: is the speed of light. 
If we can identify lines,  
then we can determine how fast 
The source is moving towards 
or away from us.  



Doppler Shifts 



Solar Spectrum 



Doppler Shifts 



Finding Extrasolar Planets. IVa 
Timing 

The Doppler Effect applied to pulse arrival times. 
Applicable to pulsar planets 



Finding Extrasolar Planets. V 
Gravitational Lensing 

 
Foreground objects focus (and magnify) light because they distort space. 
 



The Search for Earth-like 
Planets 

• 0.95m telescope 
• Launched March 2009 
• Observe 105 square degrees of the sky  
• Observe ~ 100,000 stars 
• Observe continuously for 4.5 years 
• Photometric accuracy: ~10-6  (0.1 R⊕) 
 
 



Kepler 



Kepler Focal Plane 



Kepler Field 



Kepler Field 



Kepler Timing 



•  Hot Jupiters: P2 (years) = a3(AU) 







Tatooine 



Kepler Planets 



Kepler Planet Summary 

•  As of 10/1/2011 
•  1235 planet candidates 
•  25 confirmed planets 






