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The Book by Prof. Bruce Draine

• An overall good book to study or to reference to

• A total of 42 chapters; first 6 on basic physics; 
later chapters on astrophysical applications

• With extensive (and up-to-date) appendices

• Using cgs and standard astronomical units

• Wavelength in Å ngstroms in vacuo, i.e., shifted by 1Å  , e.g., [OIII] 
doublet at 4960, 5008, rather than at 4959 and 5007 in air

• https://www.astro.princeton.edu/~draine/book/index.html has an 
updated errata document, problem sets, etc.
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https://onlinelibrary.wiley.com/doi/pdf/10.1002/9783527617722

eBook available NCU/lib
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How to infer the existence of ISM?
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• 1811 William Herschel “holes in the starry sky”

• 1904 J. F. Hartmann “stationary” calcium lines in the 
spectroscopic binary 𝛿 Orionis  of interstellar origin

• 1919 E. E. Barnard catalog of dark nebulae

• Photography  emission and reflection nebulae; dark clouds

• 1926 Sir Arthur Eddington lectured “Diffuse Matter in Space”

• 1927 Otto Struve “Interstellar Calcium”

• 1930 Robert J. Trumpler: absorption ↗ as distance ↗
 beginning of ISM as a new branch of astronomy

Interstellar Medium (ISM)
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MS fitting … Cepheid var distance
Assuming star clusters to be similar in size …



Barnard 72 in Ophiuchus

http://www.robgendlerastropics.com/B72JMM.jpg 22Chap 1 Overview



Star Shadows Remote Observatory 23Chap 1 Overview

http://orion.pta.edu.pl/apodmain/apod/image/0602/horseregion_ssro_big.jpg
http://orion.pta.edu.pl/apodmain/apod/image/0602/horseregion_ssro_big.jpg


(Bok) Globules silhouetted 
against emission nebulosity

Frerking et al. (1987)

A dark cloud core seen 
against a star field
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Optical Composite Optical/IR composite

25Chap 1 Overview

http://dilbert.physast.uga.edu/~derek/ASTR1020/images/Barnard68_vis.jpg
http://dilbert.physast.uga.edu/~derek/ASTR1020/images/Barnard68_vis.jpg
http://dilbert.physast.uga.edu/~derek/ASTR1020/images/Barnard68_IR.jpg
http://dilbert.physast.uga.edu/~derek/ASTR1020/images/Barnard68_IR.jpg


𝜌 Ophiuchi cloud complex

WISE

https://en.wikipedia.org/wiki/Rho_Ophiuchi#/media/File:Rho_Ophiucus_Widefield.jpg
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• ISM is very sparse --- gas and dust (solid); no liquid (why?)

[star-star distance] / [stellar diameter] 
~ 1 pc/1011 cm ~ 3 × 107: 1; in terms of volume (space) ~ 1022

(What about galaxies?)

 Stars truly tiny compared to space in between

• Mass: [gas + dust] / total ~ 15%, but density very low 
(What is the number density of air in this room?)

Interstellar Medium (ISM)
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• Gas, dust, radiation, magnetic fields, cosmic rays (i.e., charged 
particles) 

• ISM mass = 15% of the total visible matter of the MW galaxy

• ISM: 99% mass in gas, 1% in dust

• Of the gas: 90%, H; 10% He

• Hydrogen: mainly H I (atomic), H II (ionized), and H2 (molecular)

• Studies of ISM ---

– Beginning of evolution of baryonic matter “recombination”

– Stars form out of ISM

– Important ingredient of a galaxy
29
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Material Constituents of the ISM

Name 𝑻 (K) 𝒏 (cm−3) Properties

Hot, intercloud and 
“coronal” gas

106 10−4

Warm intercloud gas 104 10−1

Diffuse cloud (H I) 102 10−1 − 1 Mostly H I; Τ𝒏𝒆
𝒏𝟎 ≈ 10−4

H II regions 104 >10

Dark Molecular Clouds 10 > 103 Mostly H2 and dust

Supernova Remnants 104~107 >1

Planetary Nebulae
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Energy Density in the Local ISM

Component 𝒖 (𝐞𝐕/𝐜𝐦−𝟑) Properties

Cosmic microwave background 0.265 𝑇CMB =2.725 K

FIR radiation from dust 0.31

Starlight 0.54 ℎ𝜈 <13.6 eV

Thermal kinetic energy 0.49

Turbulent kinetic energy 0.22 𝑛𝐻 = 1 cm−3

Magnetic field 0.89 𝐵2

8𝜋
; 𝐵 = 𝜇G  

Cosmic rays 1.39

There seems to be equipartition between these energies.  Why?  
Read Draine’s book, page 10 Draine 31
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Zooming out from Fig. 1
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Zooming further out from Fig. 2



Exercise

What is 𝑛 the gas number density for the Sun as a whole 

(average)?  At the center?

(How are these known?)  

What is the gas pressure in a typical interstellar diffuse cloud, 

in a molecular cloud?  How do these compare to the 

“vacuum” on Earth?
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In this course, we will discuss mainly the diffuse clouds,
in ionized, atomic and molecular forms, whereas the 
warm and hot intercloud gas will be reviewed only briefly.
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Flow of baryons in the Milky Way
Draine

38Chap 1 Overview



Flow of energy in the Milky Way
Draine

The ISM is far from thermodynamic equilibrium.
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Draine
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The Local Bubble  A cavity of sparse, hot gas in the 
Orion Arm; ~100 pc across; 𝑛~0.05 cm−3~ 0.1 of ISM; 
likely by SN explosions 10--30 Myr ago?

Sun in Local Cloud; Alpha 

Cen in the G-cloud complex

https://en.wikipedia.org/wiki/Local_Bubble

Where is the supernova (remnant)?
Check out the Orion-Eridanus Superbubble
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https://en.wikipedia.org/wiki/Local_Bubble


https://en.wikipedia.org/wiki/Local_Interstellar_Cloud
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https://en.wikipedia.org/wiki/Local_Interstellar_Cloud


http://galaxymap.org/detail_maps/download_maps/gould.png

The Gould Belt, a (partial) ring in the sky,  
~1 kpc across, centered on a point 100 pc 
from the Sun and tilted about 20 deg to the 
Galactic plane, containing star-forming 
molecular clouds and OB stars
= local spiral arm

Origin unknown (dark matter induced star 
formation?) 

Gould's Belt superimposed on to an IRAS 100 micron emission maphttp://www.jach.hawaii.edu/JCMT/surveys/gb/
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http://hera.ph1.uni-koeln.de/~heintzma/All/OB_stars.htm 46

OB associations 
and the Gould Belt
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de Zeeuw+99

http://hera.ph1.uni-koeln.de/~heintzma/All/OB_stars.htm
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