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1 AU 



Hubble optical 
Space telescope 

206,000 AU = 1pc 

Planetary nebulae 



This is a cartoon not a telescope image 



10,000 pc 

Hubble Space telescope deep field image 



Chandra X-ray 
Space telescope 



100,000 pc 



The very large array (VLA) in New Mexico      

Radio telescope array 



When	
  are	
  star	
  bubbles	
  formed?	
  

Do	
  all	
  stars	
  form	
  bubbles?	
  







<50% 



Jets 



Jets from powerful binaries 
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Kwok 1978 
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http://clover.pas.rochester.edu/trac/wiki/WikiStart 
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Aspect ratios 
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Different timescales 



<50% 



Jets.	
  Got	
  it!	
  

These	
  ones?	
  

NO.	
  Astrophysical	
  jets.	
  



How	
  are	
  astrophysical	
  jets	
  formed?	
  

This is a cartoon not a telescope image 





Magnetic fields exist. 



Magnetic fields exert forces 



h"p://sdo.gsfc.nasa.gov/gallery/gallery/assets/movies/
20110224_monster_prom.mp4	
  



Bubbles filled with  
magnetic fields in lab 
experiments 
(Lebedev et al. 2005). 



Initial magnetic fields 



Initial magnetic fields 



Force differences lead to motion 









Before you sleep (again)… 



Now this one 



Magnetic fields in  
radio galaxy bubbles 
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Radio galaxy NGC 4261 (what a name, huh!?) 

Teddy Cheung 

Polarization  
map 



Radio galaxy NGC 4261 (what a name, huh!?) 

Teddy Cheung 

Polarization  
map 

How does it change 
in time ? 
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We can also study how astro bubbles affect their 
surrounding ambient. This is a modern topic in 
Astrophysics, called “Feedback”. 

Jets 

Ambient 
Mag fields 



- Some stars in our galaxy form jets and bubbles. 

- Radio galaxies, far, far away, form huge jets 
and bubbles as well. 

- Jets and bubbles can be produced in the lab 
and in computer simulations. 

- With simulations we can study the evolution of 
the shape, the growth, the density, the velocity, 
the magnetic fields and the energy of bubbles 
and their surrounding media. 
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   Physik, Garching Germany 
Paul Alexander, University of Cambridge UK 
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Find this talk (in pdf format) at:  
http://www.pas.rochester.edu/~martinhe/talks.html 


