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Motivation
● Shocks are ubiquitous
● Microquasars: open questions
● Combines what we've learned in AY230



Theory



Theory: Definitions



Theory: Shock Types
● C­shocks

● Slow (< 50 km/s)
● Low ionization fraction
● Magnetohydrodynamics

● J­shocks
● Fast
● Just hydrodynamics



Theory: Jump Conditions



Theory: Jump Conditions



Theory: Jump Conditions



Theory: Radiative Shocks?



Theory: Spectra

● Collisional excitation = Forbidden 
lines



Theory: Spectra
● Completely dissociative shock

Hollenbach & McKee, 1989



Theory: Temperature Profile

Hollenbach & McKee, 1989



Theory: Cooling Mechanisms

Hollenbach, 
Chernoff, and 
McKee 1989



Theory: Cooling Mechanisms

Hollenbach, 
Chernoff, and 
McKee 1989



Theory: Forbidden Lines



Applications: Shock Diagnostics
● Forbidden lines
● UV/Optical/IR strucAture
● Low­ionization metal species

● Enhanced relative to H­alpha, H­beta
● Higher temperatures



Applications: SN Remnants

Fesen, Blair, and 
Kirshner, 1985



Applications: Microquasars



Applications: Microquasar Cygnus X­1

Gallo et. al. 
2005



Applications: Microquasar Cygnus X­1

Russell et. al. 
2007



Applications: Microquasar LMC X­1?



Applications: Microquasar LMC X­1?



Summary
● J­shocks: jump conditions
● Post­shock temperature profile
● Low­ionization metal species
● Collisional excitation = forbidden lines
● How to distinguish shocks from HII regions
● Examples

● SN remnants
● Microquasars

● Cygnus X­1
● LMC X­1


