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This paper should include: 
•  An abstract 
•  Appropriate sections (e.g., introduction, 

analysis, conclusions…) 
•  Figures 
•  Tabular data 
•  References 

Next major project: 
Write a paper, in the style appropriate 
for submission to The Astrophysical 
Journal, based on analysis of data from 
the Hubble Space Telescope 

Absorption	 Spectroscopy 
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So, there’s a blob out in space.  
What do we want to learn about it?

•  Mass

•  Temperature and 
density (and therefore 
pressure)

•  Composition

How can we measure the 
properties of  such a cloud?
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•  The cloud has some 
finite temperature

•  Cloud particles will 
move at various 
velocities with a 
Maxwellian velocity 
distribution

•  “Peak” particle 
speed = sqrt(2kT/m)

In principle, the
shape of  the absorption
line can be used to
determine the 
temperature of  the
gas.
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But, what if there are macroscopic 
motions within the cloud?

•  If the line broadening 
is only due to 
(microscopic) 
thermal motions, 
then

•  Because of these 
possible sources of 
bulk motion, the 
line shape only 
provides an upper 
limit on the gas 
temperature.

v1

v2

T = A(4.66 FWHM)
where A is the
atomic mass number
(e.g., A(H) = 1, A(O) = 16)
and FWHM =
full width half  maximum
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A possible project goal:�
Derive upper limits on the 

gas temperature from 
various absorption lines

Oh, and there’s another thing…

Woodgate et al. (1998,  
PASP, 110, 1183) 
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Oh, and there’s another thing…

Woodgate et al. (1998,  
PASP, 110, 1183) 

Theoretical model
absorption profile

Model convolved 
with “instrument
spread function”

Actual data

LOW RESOLUTION SPECTRUM	


SAME SPECTRUM AT HIGH RESOLUTION	
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Consider	 the	 Far-Ultraviolet	 
Si	 II	 transitions 

Wavelength log (f λ) Strength 
Rank 

    Si II 1190.416 Å    0.293 	 	 	 	 	 	 3	 

    Si II 1193.290 Å    0.585 	 	 	 	 	 	 2	 

     Si II 1260.422 Å    1.180 	 	 	 	 	 	 1	 

     Si II 1304.370 Å    0.0917 	 	 	 	 	 	 5	 

     Si II 1526.707 Å    0.132 	 	 	 	 	 	 4	 

Si	 II	 1260.4	 
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Si	 II	 1526.7	 

Black:	 1260	 
Red:	 1526	 
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Black:	 1260	 
Red:	 1526	 

First	 goals:	 
•  Plot up a batch of 

absorption lines (like 
the plot at left) 

•  Determine which lines 
have been detected 

•  Determine how many 
interstellar clouds 
(components) are 
detected toward the star 

•  Figure out a way to 
divide out the 
continuum shape 
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While the real sight line looks like this 

The beam of light from the star 
is “obscured” by some stuff… 

This is what we see at the telescope 
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If we’re lucky, we could 
observe stars at various 

distances and locations… 
But we’re often not so lucky. 

Absorption of light is an 
exponential process, like 

many processes that we have 
studied, such as … 
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Radioactive	 decay	 half-life 
•  Half-life: the amount of time required for half 

of the parent nuclei in a solid to decay 
•  Half-lives range from small fractions of a 

second to billions of years 40K 40Ar 
Half-life = 1.25 billion yrs	


•  Start with 1 gram of pure 
potassium-40 

•  After 1.25 x 109 years, it 
will have turned into 0.5 g 
of argon-40 and 0.5 g of 
potassium-40 

•  40K decays exponentially; 
40Ar grows exponentially 

Decay rate	

is precise!	


We can see that there is an precise 
equation that governs the amount of 
radioactive substance that remains 
versus time: 

10	 kg	 
10 years	


5	 kg	 
10 years	


2.5	 kg	 
10 years	


1.25	 kg	 

Current amount	

Original amount	


=	
(	
1	
2	
)	

time	


half-life	
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n = number density (cm-3)   

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


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


dl	


The beam of light from the star 
is “obscured” by some stuff… 

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 
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Can you distinguish between 
these two sight lines? 

The strength of an absorption line depends on 
the probability that an atom will absorb that 

wavelength 
•  Due to the 

combination of 
history and human 
intuition, this 
probability is 
often described by 
a “cross section” 
-- the larger the 
cross section, the 
greater the 
probability of 
absorption	
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The optical depth quantifies the absorption from each slice. This is 
an exponential process, like radioactive decay.	


dτλ = σλndl = slice optical depth (unitless) 
(σλ = cross section for absorption, 	

e.g., in cm2)	


τλ = ∫σλndl = total optical depth at λ	

Iob(λ) = e-τ(λ)

 Ie(λ) 

•  Iob(λ) = e-τ(λ)
 Ie(λ) 

•  e-τ(λ) = Iob(λ) / Ie(λ)	

•  ln [e-τ(λ)] = ln [Iob(λ) / Ie(λ)] 
•  -τ(λ) = ln [Iob(λ) / Ie(λ)]	

•  τ(λ) = ln [Ie(λ) / Iob(λ)] 

 

 


