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Overview 

• Part I: Stellar and Planetary Dynamos 

• Dynamos 

• The Sun 

• The Earth  

• Four categories of fields in our Solar system’s 
planets and moons 

• Part II: Implications for Exoplanets 

• Define Exoplanet 

• Intersections with study of Magnetic fields 

• Conclusions 
 



Part I: Stellar and Planetary Dynamos 



Dynamos 

• Mechanical dynamo:  

• disk dynamo developed by Michael 
Faraday 1831 

• Faraday’s Law: 

 

• Ampere’s Law: 

 

• Magnetohydrodynamic dynamo Theory: 

• Astrophysical bodies which possess high magnitude long lasting 
magnetic fields also contain highly conducting fluids. Motion of 
these fluids creates currents which maintain the magnetic field. 

• Requires specific orientation and relative motions just like the 
mechanical dynamo analog 



Basic Development of Mean-field  
Electrodynamics and Magnetohydrodynamics: 

 

 

 

 

• Maxwell and Ohm:  

 

  

• Induction equation: 

 

• Take Means + Mass/momentum balance: 

 

 

• Net emf from turbulence: 

 

 

• Magnetic Reynolds Number: 
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Fields in our solar system 
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Part II:  Implications for Exoplanets 



Exoplanets 
• 1523 total confirmed 

planets 

• 3303 unconfirmed 
Kepler candidates 

• Detection methods 

• Radial velocity 

• Transits 

• Transit timing 
variations 

• Gravitational 
lensing 

• Direct imaging 

• Lots of surprises  

• Habitability  
 

Exoplanet.org 



How can we measure the magnetic 

fields of distant exoplanets… 



Magnetic Forces and Habitability 

• Finding a habitable world is always in the mind of exoplanet specialists 

• Magnetic fields protect atmospheres and lifeforms from stellar activity  

• Hence an important factor to consider in determining habitability (along 
with temperature and surface) 

• Modeling lifetimes of geodynamos in potentially habitable exoplanets 

 



Magnetic forces in Formation 

• Magnetic character of disks 
inform understanding of 
migration and accretion 
processes 

• Type I Migration Models 

• Semarkona Meteorite 



Magnetic Forces and 
Characterization 
• Potentially help establish whether exoplanets have cores or 

interior structure 

• Implications for atmospheres… 

• Explaining the anomalous radii of some Hot Jupiters 



Conclusions 
• Magnetic fields generated by dynamo actions ubiquitous in Solar 

System and likely through out the universe 

• Our understanding of the criteria for internally generated 
magnetic fields in rocky planets and planets in general are not 
fully understood, but probably close to those for convection 

• The earth’s magnetic field is key in making it habitable in light of 
the Sun’s activity 

• Exoplanets are everywhere! 

• Magnetic fields of host stars and exoplanets themselves play a 
role in formation of the system and provide a tool for detecting 
and characterizing planets as well as posing one more necessary 
criteria for habitability– thus the study of magnetic effects 
impact most aspects of exoplanet field 

• Exoplanets can perhaps test and fill in our theory of magnetic 
dynamos  
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Questions 
Neutron star dynamos if y’all were still curious after Ray’s 
presentation on compact objects…  

• Entropy driven convection allows alpha-omega dynamo action for 
a time, gets imprinted in crust, contributes to “spin down” rate 

• http://articles.adsabs.harvard.edu/cgi-bin/nph-
iarticle_query?1993ApJ...408..194T&amp;data_type=PDF_HIGH&
amp;whole_paper=YES&amp;type=PRINTER&amp;filetype=.pdf 


