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Announcements/Housekeeping	  

•  Final	  dra7	  of	  the	  review	  paper	  due	  April	  18	  	  
•  You	  must	  logout	  when	  you	  leave	  the	  lab!	  

•  Likewise,	  do	  not	  unnecessarily	  ?e	  up	  an	  IDL	  
license	  	  

“Apparent” Column Density 
•  Optical depth τ(λ) at 

wavelength λ:	


Icont	
 Iobs	


•  Spectrographs have finite resolution, so the observed “apparent” optical 
depth is the true optical depth “blurred” by the instrument	


•  If the spectrograph resolution is high compared to the width of the line, 
then the apparent optical depth is a good representation of the true 
optical depth, which can be used to estimate the column density: 	


then	
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More convenient to work in 
velocity space… 

Key equation:	


N(v) is in atoms cm-2 (km s-1)-1	

λ must be in Angstroms for the numerical	

coefficient in the lower equation	


Relative Abundances. 
How can these be measured? 

Abundance(O) = n(O) 
n(H) 

n = number density (cm-3)  

ndl = number of particles per unit area (cm-2) 

∫ndl = total no. per area summed over the 
entire column = “column density” 

Abundance(O) = n(O)dl = N(O) 
n(H)dl N(H) 
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It’s usually more interesting to compare 
abundances to a known reference: 

abundances in the Sun 
•  For example, A(O)/A(O)  

•  Astronomers use a peculiar notation for 
logarithmic abundances.  For example, the 
logarithmic oxygen abundance is indicated as: 

Oxygen abundance measured 
in the Sun 

Interstellar Abundance Trends 
•  Abundances in the ISM toward ζ Oph 

(Savage & Sembach 1996) 

Condensation temperature: 
temp. at which the element 
condenses from gas phase 
into solid phase 

Higher mass ⇒ 
higher Tcond ⇒ 
more likely to 
“condense” into 
solid dust grains 
in the ISM 
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Interstellar Abundance Trends 
•  Abundances in the disk vs. the halo (Savage & 

Sembach 1996) 

Cold 
disk  
cloud 

Warm 
halo  
cloud 

Question: what are the 
abundance patterns toward 

your star? 
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A problem to watch out for: 
saturation 

•  At least some of the photons travel 
completely through the column, so we 
can estimate the total amount of stuff 
along the line of sight 

A problem to watch out for: 
saturation 

•  If the background source is 
completely absorbed, we 
can’t count the amount of 
particles in the at the end of 
the column 

How	 much	 stuff	 
is	 in	 here?	 We	 can	 
only	 place	 a	 lower	 
limit	 on	 the	 column	 
density.	 
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Oh,	  this	  is	  easy.	  	  If	  the	  flux	  goes	  to	  zero	  in	  the	  
core	  of	  the	  line,	  it’s	  saturated.	  	  Otherwise,	  it	  
isn’t.	   •  Recall how resolution affects the data: 

By comparing apparent column 
density profiles, we can check for 

saturation. 
Strong line 
Weaker line 

Good! The weak 
line and the strong line agree. 

Bad. The weak line indicates more 
material; the strong line has  
saturated. 
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Question: are your lines 
saturated? Use apparent 

column densities to check. 


