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ASTR 680 Physics of Interstellar Media

Catalog Description: ASTR 680 Physics of Interstellar Media (3:3:0)

Prerequisites:  PHYS 402, or permission of instructor Physical processes in interstellar media.  Topics include the production and transfer of radiation, ionization and recombination, atomic and  molecular excitation, dust physics, gas heating and cooling, and star formation.

Course Objectives: Upon completing this course, students should understand the physical processes that occur in interstellar media (1) Understand how observations reveal the structure and dynamics of interstellar media (2) Have sufficient skill in modelling interstellar processes and spectral line formation to engage in related astrophysics research

Necessity for the new course: Interstellar matter is a fundamental component of galaxies and is relevant

in nearly all areas of modern astrophysics.  The course is needed to provide our PhD students with a complete background for their research.

Relationship to similar courses in the department: Diverse areas of physics, including electrodynamics, quantum mechanics, and thermal physics, are incorporated into the study of the interstellar medium.  Quantum mechanics at the level of PHYS 402 is a suitable  prerequisite.  No other existing courses cover the astrophysical 

applications proposed for this course.  

Relationship to similar courses in other departments: None

Anticipated audience and enrollment: Primarily graduate students concentrating in astrophysics.  With the course

taught every other year, and enrollment of 10 students is expected.

List of potential instructors: Joseph Weingartner

Anticipated frequency at which course will be offered: Once every two years

Additional resources necessary to offer the course: None.  The course has already been offered, as a special topics course.

General education: This course will not satisfy any general education requirement.

Sample Syllabus for ASTR 680 Physics of Interstellar Media

Course Textbook:  The Interstellar Medium, James Lequeux (Springer)

Recommended Supplemental Texts, on Reserve

J. Binney & M. Merrifield 1998, Galactic Astronomy

(Princeton U. Press) Contains some very readable material on the ISM.

M.A. Dopita & R.S. Sutherland 2003, Astrophysics of the

Diffuse Universe (Springer)

J.E. Dyson & D.A. Williams 1997, The Physics of the Interstellar

Medium, 2nd ed  (Institute of Physics)

K.R. Lang 1980, Astrophysical Formulae:  A Compendium for the

Physicist and Astrophysicist, 2nd ed (Springer)

J. Lequeux 2005, The Interstellar Medium} (Springer)

D.E. Osterbrock 1989, Astrophysics of Gaseous Nebulae and

Active Galactic Nuclei (University Science Books)  Known as ``AGNAGN''.

A second edition will be available very soon.

G.B. Rybicki & A.P. Lightman 1979, Radiative Processes in

Astrophysics (Wiley)

L. Spitzer 1978, Physical Processes in the Interstellar

Medium (Wiley)  The classic text, but now out-of-date in many respects.

Still an excellent resource for the basic physics.

G.L. Verschuur 1989, Interstellar Matters (Springer)  An

enjoyable popular-level account of the discovery of the ISM.

D.C.B. Whittet 2002, Dust in the Galactic Environment, 2nd ed

(Institute of Physics)

G. Wynn-Williams 1992, The Fullness of Space:  Nebulae, Stardust,

and the Interstellar Medium (Cambridge U.~Press)  An excellent

popular-level introduction to the ISM.

Evaluation

60% homework. 

You are encouraged to discuss the problems with one another,

but the detailed solution that you submit must be your own, independent work.  

There will be approximately 8 assignments.  Late homework will not be accepted.

15% midterm exam

25% final exam

Schedule

Week 1:  Review of some basic thermal and radiation physics: entropy, temperature, 

Boltzmann factor, partition function, ideal gas, Maxwell speed distribution, blackbody radiation, specific intensity

Week 2:  Introduction to the ISM:  The Milky Way, components of the ISM (gas, dust, electromagnetic radiation, cosmic rays, magnetic field), overview of Galactic structure, brief history of ISM discovery, overview of multi-wavelength observations of interstellar emission in Galactic plane, matter and energy flow through components of the ISM, non-equilibrium physics in ISM

Weeks 3 and 4:  Radiative Processes in the ISM: H atom, fine and hyperfine structure, multi-electron atoms, LS coupling,

spectroscopic notation, semi-classical treatment of atomic radiation,  Einstein coefficients, selection rules, natural line profile

Weeks 5, 6, and 7: H I Regions: 21 cm line production and transfer, Doppler broadening, spin temperature, summary of 21 cm observations,  evidence for cold and warm neutral media, optical and ultraviolet absorption line spectroscopy, equivalent width, curve of growth, Lyman alpha observations, ionization processes (photo, collisional, cosmic ray, Auger, and charge  exchange), recombination processes (radiative, dielectronic, grain-assisted, dissociative, 3-body, and charge exchange), collisional excitation, fine structure diagnostics for gas densities and temperature

Midterm Exam at the end of week 7

Weeks 8, 9, and 10:  Dust:  Optical properties of materials, grain optics, Mie theory, observational evidence (reflection nebulae, extinction and polarization of starlight, emission from dust, grains in meteorites,  grains streaming through the solar system, grains incident on Earth's atmosphere, scattering and absorption of X-rays from background sources),

CCM extinction curve parameterization, 2175 \Angstrom feature, 9.7 and 18 \micron features, diffuse interstellar bands, 3.4 \micron feature, ice features, dust heating and cooling mechanisms, stochastic 

heating, polycyclic aromatic hydrocarbon features, PAH radiation physics, dust models, MRN distribution, abundances and depletions, dust formation (winds from evolved stars, supernovae), dust destruction (shock waves), grain charging, photoelectric gas heating, formation of molecular hydrogen, alignment of grains with the interstellar magnetic field

Weeks 11 and 12:  H II Regions:  emission nebulae, planetary nebulae, warm ionized medium, ionization equilibrium, Str\"{o}mgren spheres, bremsstrahlung, emission measure, recombination radiation, radio recombination

lines as diagnostics of gas conditions and Galactic structure, radiation from collisionally excited levels, thermal equilibria, dispersion measure

Weeks 13 and 14:  Molecular Clouds and Star Formation:  observations of molecular cloud structure, structure of the H_2 molecule, limitations of UV absorption line spectroscopy, CO as a tracer for H_2, dust and 

gamma rays as tracers of molecular clouds, photodissociation regions, H_2 self-shielding, heating and cooling mechanisms in PDRs, collapse of molecular cloud cores, Jeans mass, ambipolar diffusion, turbulence, late

stages of star formation (protostar, pre-main sequence, T Tauri)










