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Detecting a Star’s “Wobble” using 
The Doppler Effect 

Spectrum 
of starlight 

Doppler Effect: The wavelength of detected 
light increases (redshift) or decreases 
(blueshift) as the star and planet orbit their 
center of mass. 
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Detecting Star’s Reflex Motion  
as Doppler Shifts 

Doppler shifts of 1/1000 pixel are revealed 
as small changes in the light in neighboring pixels. 
Final Doppler Precision: 1 meter / sec 



 Doppler Measurements Yield  
Planet Mass 

Example shown here - Mass = 4.56 x Earth Mass 



 
 

2004 Venus Transit at Sunrise� 
� 
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Transit Yields Planet Radius 



 
 

 

Kepler Mission 
Determining the frequency of Earth-size and larger planets 

in the habitable zone of Sun-like stars 
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The Kepler Space Telescope� 
� 

The overall height with the spacecraft and sunshade is 4.3 m. � 
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The Focal Plane� 
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SPACECRAFT & INSTRUMENT 
Largest focal plane 
for a NASA flight mission:
94.6 million science pixels 

42 science CCDs, 
2 channels each 

4 fine guidance 
sensor (FGS) CCDs 

CCDs controlled at -85C, 
Readout electronics at 
room temperature 



Launched into an Earth-Trailing Orbit 
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  Star Field: Cygnus-Lyra �
 



 

 


Transits Can Reveal Earth-size Planets 


From TRANSIT DATA obtain: 

Duration, depth, orbital period and inclination. 

Derive planet sizes and orbital radii (when combined with stellar information) 

From ENSEMBLE of PLANETARY SYSTEMS obtain: 

Estimates frequency of planet formation for inner planets. 

Requires thousands of stars because most orbits won�t be aligned properly: only 

about 0.5-1.0% aligned 





 

  
  

	 


 

DETECTING EARTH-SIZE PLANETS�
 

• 	 The relative change in brightness (ΔL / L) is equal to the relative 
areas (Aplanet/Astar) 

Jupiter: � Earth or Venus� 
1% area of the Sun (1/100)� 0.01% area of the Sun (1/10,000)� 

•	 To measure 0.01% must get above the Earth�s atmosphere 

� Method is robust but you must be patient: Firm detection of 3 transits 
requires ~3 years or more for detection. 
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Pixel Level Data From Kepler� 
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Kepler light curves of small 
planets 
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• Pre-Kepler Pia nets 
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Lightcurve Q1-Q6 


� Colored dots represent transits of six planets 
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Planet Size Distribution 



Planet Number Distribution 



Habitable Zone 





Kepler-10:  Reflext Velocities vs Time 

Planet Mass = 4.6 Earth-masses 
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Transit and Doppler 
Measurements Yield Density 

+ 

Mass 
Volume = 8.8 g/cm3 

Planet Density: 
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Any questions? 




Backup Slides 




 
 

 
 

Hunting for Planets with � 
World’s Largest  Telescopes 

Keck Telescope� 
Mauna Kea, Hawaii� 
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