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John A. Wheeler

Sept., 1980, 
Prof. Wheeler at Univ. of Texas at Austin

“Toshi, do you know what a professor is about?
A professor is a person who learns from students.”



What part of astrophysics?
• Frontiers of astrophysics only (that are not yet well understood):

highest energy particles (e.g. of cosmic rays > 10^20eV, high energy 
neutrinos)

highest energy photons (e.g.  γ-rays up to TeV /PeV)
most violent processes (e.g.  disruptive accretion; jets)
episodic and eruptive (e. g. γ-ray bursts)
young objects (e. g. AGN, Blazars)
neutron-star x neutron-star collisionà plasma plays essential role
……….

• I have no time to cover:
old objects (e.g. our galaxy, our Sun, our solar system), gravitational dominants
quiet, steady-state objects
objects where little plasma such as the Moon (“the older, the less plasma”)
single particle interacts with astronomical object  (cf. collective interaction N2 )
………..

(our textbook covers some of  both kinds)



What can/should we do by the end of 
the Quarter? (if you are lucky)

• What magnetic fields do in active Universe?  Why are they there?
• Why B-fields important? What do B-fields do?
• What kind of structure formations?     Accretion disks, jets, collisions of stars 

(and galaxies),…….
• Survey nonlinear plasma evolution
• What are the Universe’s long standing nonlinear structures?
• Why wakefields are among them and there (does not disappear) and 

robust?
• Imagine where Mother Nature wishes to excite wakefields?
• Predict (in addition to interpret) what happens if you make violent plasma 

excitation?
• Acceleration, emission of gammas, protons, neutrons
• What can you predict from all these?
• ………



Distinction between gravity ßà EM
• Both: range can be infinite ß Gauss law
• Strong and weak interactions: 

à range O( fermi = fm)
• Grav: no negative mass; EM:  + and –,  but can be combined; 

no magnetic monopole   è magnetic force range finite
• EM:  if combined +/- à atoms :      range O(Å)
• EM:  +/- à Debeye screening:        range O(vt /ωp )

à collisionless skindepth: range O(c/ωp)
à EM radiation infinite range

However,
• With B : fields screening removed  ß Alfven effect

mediated @ vA
: texture appears

• Collective/ violent proc.  à ephemeral struct.       or

à robust struct = wake   @ c



Alfven’s legacy
Importance of filaments / texture

in plasma!



Structure Formation of Universe
• Gravitational :   Well known
• Plasma-mediated: Not yet well known

e.g. AGN (prior to becoming a Galaxy) with plasma as the 
disk, or formation of cluster of AGNs.  
even stellar formation out of plasma. 

e.g. collaboration of gravity and plasma
(plasma ß amorphous, and thus anti-structure entity in     

blood, as well as in ionized gas)
But!

plasma + B : provides texture to weave the structure
of the Universe on          (many examples in textbook)

à



Structures
in Universe

• Interplay of 
gravity and B

Examples:
• Stellar dynamics

(see:  NB)

• AGN disk dynamic

High β

Low β

Mostly  high β

ß B is anchored



Magnetic fields and 
astrophysical

objects:

M
agnetic field B

vssize of objects
Globally, 

B ~  1/ λ
why?



current tube-current tube interaction
Tube coalescence (and reconnection)

pp.220-221

Flux twist and untwist

NB:



Solar flare eruption
(example of stellar dynamics)

Coalescence of current 
tubes 

Explosive coalescence 
(and reconnection)

low β

(no toroidal field)

Flare eruption observed Simulated eruption
of flux tubes

p.236

NB:



Examples of base processes

Parker instability
(ballooning instability) à Flux buoyancy

MRI à twisted magnetic amplification;
jet formation

Text p.158-196 Text p. 329-342



Parker Instability

gravity
centrifugal force

effective gravity

diskAGN (BH)

Similar to the ballooning mode



Nonlinear evolution of Parker Instability

Mass falls off along the flux tube
à Stimulate further growth of balloon
à ”overshoot”



Magnetic buoyancy (simple derivation)

Pressure equilibrium:   ρi = ρe – B2 / 8π H,    where the scale height H = T /Mg

Buoyancy force:  Δρ g = B2 / 8π H

The Parker instability: Δρ g  >  B2 / 4π r,              where r the tube curvature

The unstable wavelength for Parker:       λ >  9H      when β >> 1

(p. 166)



Loop brightening

Further nonlinear manifestation of
Parker process

Feet of the flux loop emit EM signals 
by bombardment of plasma to the 
disk surface



Magnetic buoyancy
and twist in jets

from accretion disk

A consequence of Parker process



Beginning of 
structure formation

via Parker process

Consequences:
à 1. the escape of amplified B-field 

in the disk
2. pinching of plasma radially 

accentuated, forming streaks of dense 
regions

3. allow accentuated magneto-
rotational instability onset

4.  assist jet formation
5. assist accretion of clumped 

matter


