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Announcements

• HW#8 solution
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Announcements

• For HW#9 problem 4 you need to analyze the results 
of your LWA1 observations and submit the figure 
created by prepfold.  See example:
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Announcements

• Project Outlines due today
• Where’s my data?
• Connect to Hercules with x2go, then

– ssh –X lwaucf3  (password is the same)
– cd /data/local/astr423/xxx    (xxx is group ID)
– Data is in /data/network/recent_data/astr423
astr423@lwaucf3: /data/network/recent_data/astr423/060773_013648070

– Project data converted to circular polarization is on 
lwaucf3 in /data/local/astr423
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Emission Measre (EM) is a column density
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Peck & Taylor (2001)

Spectral index map from 
1.3/5 GHz VLBI observations

free-free optical depth:

tff ~ T-3/2 ne2n-2 d

Ne ~ 8 x 1022 cm-2

ionization ~ 10%

Free-free absorption in 
1946+708



Free-Free	Emission
Polarization:		Intrinsically	zero

Beaming:		Intrinsically	none
Radiation	is	isotropic
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Coma Cluster 21
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Coma Cluster in EUV Hatsukade, I. 1990,  Coma Cluster in radio – Giovannini et al. (1993) WSRT  
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Magnetic field distribution in Coma cluster (Bowyer & Berghofer 1998)  
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Sunyaev-Zeldovich effect

• The Sunyaev-Zeldovich effect
– Photons of the CMB are scattered to higher 

frequencies by hot electrons in galaxy 
clusters, causing a negative brightness 
decrement.

– Decrement is proportional to integral of 
electron pressure through the cluster, or 
electron density if cluster is isothermal.

– Electron density and temperature can be 
estimated from X-ray observations, so the 
linear scale of the cluster is determined.

– This can be used to measure the cluster 
distance and combined with z to get H0.
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Sunyaev-Zeldovich effect



Sunyaev-Zeldovich Effect 25
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Magnetic field distribution in Coma cluster (Bowyer & Berghofer 1998)  
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SZ images

Reese et al. astro-ph/0205350


