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i) Essentials of MHD

if) MRI (magneto-rotational instability), M
length estimates of alpha

iii) Disk Dynamos — An Introduction

v) Accretion in collisionless disks (AGNs)

i) OV, stellar dynamics, Vlasov—Poisson S

- p- el

iv) Fate of the field? — Parker Instability and Disk Coronae

4) Protoplanetary Disks s CO 6[ e : e e h"

i) MRI for cooler, weakly ionized disks (effects: resist1v1ty, amb1polar dlffusmn )

ii) Convection revisited : '

iii) Introduction to planet formation in Disks —_— )& C\Pb) Cle )q‘t‘@

iv) Disk—Planet Interaction Mt 49,( S IIUS‘
5) Self-Gravitating Disks and Galactic Dynamics I PaW‘: Tr =

ystem, Jeans Equations (e, Lg Ch c,

ii) Stellar Orbits

iii) Basic ideas, Jeans and Toomre criteria
iv) BGK Solutions — stationary states

v) Violent Relaxation (Lyndell-Bell)

vi) Collisionless Jeans instability, Lanc;e"rf Damping
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Physics 239 Disks and Dynamics Winter 2022
Course Topics
1) Overview of Disks; Accretion, Galactic Structure
| LI e i T o ——— L B
2)  Keplerian Disks and Accretion: Basi P‘*#I:
eplerian Disks and Accretion: Basics —_—
Acuhetlon,
i) Structure, equilibrium profiles
i) Angular momentum transport, alpha viscosity concept and prescription
iii) Mechanism: Axisymmetric Interchange (Rayleigh), Two Particles (Lynden—Bell
and Pringle) and the end state
iv) Convection: axisymmetric, non-axisymmetric
- M oé&t ‘7 d <2x§e 6@
3) Magnetic Fields and Accretion ‘Pf (oW 4
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RI—Lynden—Bell connectlon, mixing
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7)
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Physics 239 Disks and

Self-Gravitating Disks and Galactic D

Dynamics

ynamics I1

i) Energy Principle for self-gravitating matter

ii) Spiral Waves
iii) Spiral Wave Amplification: Wave Kinet
iv) Galactic Magnetic Fields

ics for Spirals

R A tiagias sy, I ERRVI et R

Revisiting Angular Momentum Trans

port

Winter 2022
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Physies 239 Disks and Dynamics Winter 2022

Texts and References

Recommended Texts ‘é
gee Nf. mele i< )

i) P. Armitage, “Astrophysics of Planet Formation” e—— e e

Good general text on Keplerian accretion disks, with an emphasis on planet

formation.

ii) J. Binney and S.D. Tremaine, “Galactic Dynamics”

Rather encyclopedic text on galactic dynamics. Widely known and used.

%— iii) F. Shu, “The Physics of Astrophysics, Vol. 2: Gas Dynamics”

Good basic text on Astrophysical Fluids. Good treatment of accretion and spiral
waves,
ﬂ

2

iv) S. Galtier, “Modern Magnetohydrodynamics

Basic text on MHD. Good discussion of magneto-rotational instability.

m——

+ Coplous Kefence meten=) pavfed,
Foolgs MefemMmed, n Jectfule A-’i'af‘




4

Physics 239 Disks and Dynamics Winter 2022
Course Syllabus F':,w\, P¢~(‘+ srosre o?

Instructor: Patrick H. Diamond
Office location: SERF 436
Phone: (858) 534-4025
Email: diamondph@gmail.com (best to use this!); pdiamond@ucsd.edu
Office Hours: Open, but best to call or email first. Office hours will be
by Zoom.

Lectures: Tuesday, Thursday 11:00 a.m. — 12:20 p.m.
SERF 329
Lecture notes and supplementary materials available online at:
https://canvas.ucsd.edu/courses/33821/

Discussions: TBD — on Zoom
Scheduled as needed.

~Grades Letter Grade S/U

40% Project 50% Project
40% Notes 50% Participation
20% Participation

Content: This course focuses on disks and their dynamics. We will dis s @es
structure and dynamics of both Keplerian and self-grav1tat1n
will emphasize accretion, implications for planet formation along
with galactic structure, especially spirals.
This course will evolve into a new Astrophysics course on dynamics
complementary to existing courses on Galaxy Formation and
Astrophysical Fluids.

Background: A strong background in basic classical physics is required. Some
familiarity with fluid dynamics is helpful.
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