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~ "Follow the energy (E Parker)
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@ Difterent torms of energy:
@ Kinetic (macroscopic motions)
@ Thermal (microscopic r:?iotic?ns)
@ Chemical & s s o
@ Gravitational
@ Electromagnetic

@ Nuclear

Eugene Parker (with a model of the Parker Solar Probe)
- theorized the existence of the solar wind
- pioneered the study of magnetic reconnection
- pioneered the study of cosmic ray transport

@ Dark energy (ask a cosmologist!)



What is a Shock’?
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8 "A sharp change of pressure In a narrow region travehng through a meohum
caused by a body moving faster than sound”

Overlapping Shock Cone

T~ \Wavefronts—

Subsonic Mach Supersonic
speed One speed

: : 2y n = # densit
@ What is a narrow region? One collisional mean free path 4 o« — s
no 0 = Cross section

@ Inairn~ 10*'em™ - 1~ 7% 107%m; in space: n ~ lem™ — 1 ~ 10°cm??

@ Space/astro-plasmas are collisionless, i.e., not mediated by binary collisions but by EM
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Seeing and Hearing Shocks

Bomb Detonation ot 2

Krakatoa eruption, 1883 -
~310db, cannon-like ~5000km away) ===
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Solar flares and |
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Shock Formation

@ Steepening of
supersonic signal

steepening
p—g faster at high pressure T

pressure

Why supersonic?

Because otherwise

sound waves would

slower at low pressure h Sm OOth
any gradient out

steep flank
_—P faster at high pressure —P

pressure

@ Interaction of a

slower at low pressure - ——

supersonic tlow

W I th dan O bSta C‘ e An example of a receding shock wave. From Supersonic Flow and Shock Waves by
R. Courant and K. O. Friedrichs (New York:Interscience Publishers, Inc., 1948),



Dissipation at the shock

@ At a shock, entropy increases (see Landau Lifshitz, vol 6., sec IX)

@ Distinguish subcritical and supercritical shocks (depends on ®5, and sonic ana
Altvenic Mach numbers: M, =V, /c,and M, =V, /v,)

DISPERSIVE SHOCK TRANSITION RESISTIVE SHOCK TRANSITION

upstream upstream
supercritical
subcritical

quasi-parallel quasi-perpendicular

laminar
quasi-perpendicular Magnetic
field
quasi-parallel

upstream phase-locked retarded and heated downstream trailing
dispersive whistlers, downstream ion beam damped oscillations
wave steepening

on velocity
(Mach number)

W
p—)
g
o o
S &

@ The vast majority of space/astro shocks are supercritical (and reflect particles!)
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