ASTRO 401 
Computer Simulation in Astronomy 

Fall Semester 2004 

· Course Website:  http://mason.gmu.edu/~kborne/astro401/   (under construction)
· Lecture Day/Time:  Monday and Wednesday 3:00-4:15 PM 

· Lecture Place:  Room 112, Science & Technology I 
· Course Instructor:  Kirk Borne, Associate Professor, Astrophysics and Computational Science 

· Office:  David King Hall, Room 1014A 

· Office Hours:  Monday 4:30-6:00pm, Thursday 1:30-3:00pm, or by appointment 

· Office telephone with voice mail:  703-993-8402 

· E-mail:  kborne@gmu.edu 

· Mail box:  SCS Office, Room 101, S&T I
Textbooks:

· Giordano, N. J., Computational Physics, Prentice Hall, 1997.

· Hut, P, & Makino, J., “Moving Stars Around”, from The Art of Computational Science  (bound copies available in bookstore):  http://artcompsci.org/ 

Course Description (from GMU course catalog): 

· Techniques and methods used to simulate astronomical phenomena using a computer. Examples taken from a wide variety of astronomical phenomena, including radiation transfer in astrophysical objects, self-gravitating systems, hydrodynamics, and stellar models. Emphasis on hands-on projects.

· Prerequisites:
MATH 213 (Analytic Geometry and Calculus III)

ASTR 328 (Introduction to Astrophysics) 

Grading:

· 30% = Midterm Exam

· 30% = Final Exam

· 30% = Homework, Assignments, Exercises, Projects
· 10% = Class Participation (including class attendance)
Course Letter Grades:

· A = 90-100%

D = 60-69%
· B = 80-89%

F = <60%
· C = 70-79%

Course Objectives:

1. to analyze research areas in astrophysics that benefit from computer simulation research;

2. to become familiar with a variety of computational techniques used by astrophysicists; 
3. to become capable in using computational techniques to solve scientific problems; and 
4. to acquire knowledge in computational and computer simulation techniques that will enable the student to progress to more advanced courses, research projects, or employment opportunities that require computational capability.
Possible List of Topics (TBD) for Astro 401

· - Astrophysics problems and motivations for simulation methods
· - Monte Carlo Methods: Random numbers - uniform, Gaussian, pseudo-random

· - ODEs and PDEs - calculus of differentials

· - Basis functions:  Poisson equation, density-potential pairs

· - Taylor series, Runge-Kutta, Predictor-Corrector, error terms

· - 2-body Gravity example (orbits)

· - Solar system models: osculating elements, long-term evolution, Symplectic methods

· - Chaos, strange attractors, fractals
· - Stellar interiors model example

· - Stellar atmospheres model example

· - Sobolev approximation and radiative transfer example
· - Gravity dynamics model example

· - Relaxation times / time-step choices
· - Large-N gravitating systems:  Restricted 3-body, N-body, Particle-Mesh, Mesh, ...

· - Schwarzschild linear programming method to build model galaxy: orbit superpositions = density = sum(n_i)

· - Colliding galaxies example

· - Tree codes, K-D trees, ...

· - Fluid dynamics: SPH example

· - CFD / MHD / Fluid example

· - Accretion disk example, with artificial viscosity

· - Ram pressure, radio jets, ballistic models 
· - N-point correlation functions and methods for estimation

· - Visualization of simulation results = "SOS" = Simulated Observations of Simulations

· - Projection methods

· - Computation issues:  round-off errors / storage / compression / check-pointing

· - Parallel methods / MPI / PVM

· - HPC / Beowulfs / Clusters / The GRID

· - Modeling large datasets

· - Methods for handling large datasets: multiresolution, multiscale, wavelets

· - Indexing of large data sets: Healpix, HTM (Hierarchical Triangular Mesh), K-D Trees

